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FORTARO

The lnfornntlon contalned ln this report ls a compllatlon of data
fron eristlng geologic reports, as well as orlglnal data col'lected by

the staff of the Virglnla State lfater Control Board. Because of the
scarcity of data over much of llanover County, it became necessary to
lnterpret and make some pr.oJections of the data. l{here more detalled
data exlsted, it was posslble to use the lnformatlon ln its entlrety.
For thls reasonr certain portions of thls report are more detalled than

others.
Thls reprt also contalns nunenous computer contour maps which dis-

play statlc rater level , yleld, and ehemlqal data. These maps lrrere pro-

duced by coraputer fron exlsting well data contalned ln the State lhter
Control Board's computer file. These data were derlved fi"sn water well
conpletlon reports submitted by consc{entious watEr well drlllers, as

rell as fi'on fleld studles done by the State llater Control Bo*d and

the State 0epartnent of Health. Regardlng the areas of Hanover County

for whieh ltttle or no data had been collected, it ras necessary to
interpret and extraBolate lnfornatlon, so that a npre complete County

analysls could be presented. It should be recoEnlzed thrt other lnter-
pretatlons of the data are posslble, but the concluslons herein offered
are based on knowledge Eained whlle rnrkinE on thls report and ln the
Region.
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GRO,UNOI{ATER IN HANOVER COUNTY

ABSTRACT

by Russell P. ElIison, III

Groundwater ln lbnover'County provides the vast majority of the County's

citlzenry with a safe and reliable water supply. The true value sf such a

resource is lncalculable, and under no circumstances should its natural purity
be degraded or endangered. Thls report attempts to present a comprehensive

vietr of this precious resource by discussing the gmlogy-geohydrology, ground-

water quality, recharge, Storage, developnent, and present use throughout

Hanover County.

The State lfater ControT Board's geology-geohydrology information has

been correlated in an attempt to delineate the zones of highest groundwater

yidld and development potential, The infonnation from the Piednont section
indicates that localized conditions detevmine the groundrater yield. The

Pledmont's saprolite Esver forms the sha'llow-low-yielding aquifer and the

fractured bedrock comprises the deeper, higher yielding aquifer. The Fal't

Zone exhibits a mixture of both Piedmont and Coastal Plain geohydrologic

characteristics. Existing records indicate that this zone yields inferior
quality and quantities of groundwater (except along fracture and fault zsnes).

In the Coastal Plain section, sedimentary formations contain the groundwater

resource. The near-surface aquifers generally yield snall quantities of
grounduater. At depth, the upper artesian (Mattaponi/Naniemoy Formations)

and principal artesian (Patuxent Fonnatlon) acquifers are ensountered. Due to

the vast extent and thicknesses of these artesian aqulfers, very high ground-

water yields are noted. Pledmont-like basement complex rocks exist beneath

the prlncipal artesian aquifer. These basement complex rocks have water-

bearing fractures and joints similar to the Piedmont rocks to the west. 0f
all of the aforementioned groundwater suppl ies, the Patuxent Formation

(principal artesian aquifer) is and will remain the largest and most depend-

abl e source.

Groundwater quality is general'ly quite good throughout the County.

Certain areas of the Fa1l Zone, Triassic basins, and some portions of the



artesian aquifers contain esthetically-unpleasant groundwater. High nltrate
concentrations are recognized as a threat to many of the shallow aquifers.
All naior groundr+ater quality parameters are discussed and contoured by

computer for accurate delineation within the County. The available data
substantiates that groundwater quality is generally good, but that consider.
able planning and care should be taken to protect it for the future.

Values for groundwater recharge and storaEe of the Coastal Plaln
Patuxent Fonrntion (principal arteslan aquifer) are provided in order that
futur"e developnent and use may be planned for in an equitable and consclen-
tious manner. Presently, it is estimated that groundwater suppl ies in the
County far exceed the demand. Future population increases and associated
developnent and use will necessitate a closer analysls of recharge and

storage capacities of the maJor aquifers.



CHAPTER I

INTRODUCTION

Pufpose and Scope

This report is designed to acquaint the public with the latest
information on the location, quality and quantity, and future potential
of Hanover County's groundwater resources. It is intended to be an

aid to the private citizen, government agencies, deve'lopers, county

planners, well drilling contractors, and all others interested in the

location, development, utilization, and protection of the groundwater

of Hanover County.

Much basic information, as well as detai'led scientific data, have

been combined in this report in order that the'layman, as well as the

professional can be assisted.

I ntroduct io n

Hanover County was formed in 1720 from a portion of New Kent County

and named for the Ouke of Hanover. The County seat is at Hanover Court-

house which was established in .|735. 
The land area of the County totals

approximately 466 square miles (298,240 acres) with five square mi'les

(3200 acres) of inland water.
The County is located in east-central Virginia and is bounded on

the north by Spotsylvania, Caroline, and King tlilliam Counties; on the

east by New Kent County; on the south by Henrico and Goochland Count.ies;

and on the west by Lou'isa County (Figure I ).
The North Anna and Pamunkey Rivers form the northern boundary, with

the Chickahominy River lying a'long the eastern part of the souther"n

boundary. The South Anna Rivero Taylor's Creek, New Found River, Litt'le
R'iver, and Totopotomoy Creek are the major streams which traverse the

County.

The total population of the County in 197? was 4.|,000. The popu-

lation project'ions by the Division of Intergovernmental Affairs fotn the

year'1980 are over 60,000, and for the year 2000 the estimate is
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t

108,000. The Town of Ashland {s the only incorporated town in the County'

wlth a 1970 pcpulation of 2,934 and present (1978) estimates of over

5,1 00.

Uethg4 pf IniqstiqqtiEn and Oata tgsernbly
The background informat{on for this report yras acquired from prevlous

regional and State reports and fron the latest data published by Hanover

County. !{uch of the census and economic data were collected from County

offlclals and other State agencies.

Information on the climate, soils, and vegetation came fram special'
leed county and reglonal reports. Surface water (runoff and dralnage)

lnforrnation was supplled by the State l{ater Control Board

The pertinent geology and geohydrologic data were collected by the

State l{ater Control Board's Bureau of }later Control Managenent and the

Piedmont Regional 0ffice. The Groundwater Act of 1973 has provided for
such data collectlon in that lt requires a [ater l{ell Completion Report

(Form Gl{-Z} ts be submitted within 30 days to the Eoard for each nenly

csnstructed water rell (Appendix l). This ttater ldell Completion Report

requires that the location, owner, contractor, baslc well construction

data, screen locatlons, Puttlp data, and drrll"ler's logs be recorded.

Geophysical logs are not required but are a great aid in geohydrologic

interpretatlon. Each tlater llell Completion Report rrust be accompanied

by wel'l cuttlngs collected for each t0 feet of depth drllled unless pre-

vious exemption is secured from the State I'later Control 8oard. Sample

bags for the cuttlngs are provided free by the Bureau of l{ater Control

ilanagement in Richmond. Also, all industrial and public supply water

well users are required to submit a Groundwater Pumpage and Use Report

(Form gH-6) to the Board quarterly (Appendix I ).
For better data management and groundwater protection, the State

lr{ater Control Board requires that all wells no longer in use be ternpor-

ariiy or pennanently abandoned. h{hen an industrial or public water

supply water well is to be abandoned" the owner must submit an Applica-

tion and Report - Abandonment o rdater l,tell (Gil-s) prior to the initia-
tion of the abandonment procedures (Appendix 1 ). The Board requires that



this fonn be flled to certlfy that pumplng and use of groundwater from

that lte.ll has been stopped and to insure that all industrial and publlc
suBply wells are sealed properly to prevent groundwater contamination
by other groundwater, surfacE waters, and pollutants.

Groundwater Quality information is collected weekly by the Piedmont

Regional 0fflce. One of the twenty-tryo counties in the region is sampled

randonly each week. The groundwater quallty samples come from wells
w{th completion reports on record at the Piednont Regional 0ffice. Chemi-

cal analyses for twenty-eight groundwater quality parameters are performed

by the State of Virglnla Consolidated Labs.

Grounduater Quality lnformation also is acquired through the Pollu-
tion Response Pr-ogram (PReP). This program responds to citizen's com-

plaints of groundwater and surface-water pollution. Hazardous chemicals,
oil, gasoline, refuse, siltation, sewage, and industrial wastes are some

of the pollutants that frequently endanger the quality of groundwater.

The central repository for all Hanover County well lnfornntionn
water well coopletlon reports, and groundrater qua:lity records is the

State t{ater Control Board Headquarters Office in Richrnond. Copies of
thls lnfornntion are on file at the Piedmont Regional Offlce. The

informatlon has also been recorded on computer and is rnade availabtre
on the interested public.

Previous Investiqations
Geologic infonnation on portions of Hanover County is available

from the V,ir"ginia Divis{on of lfJneral Resources (VDUn) in Charlottes-
ville. The geolotty of the Piedrnont sectlon (west of the Fall Zone) of
Hanover County lacks 7L' quadrangle scale mapping except for that which

has been partia'lly interpreted by Bruce K. Goodwin in the Geolooy-of

the Hvlas and ltlidlothian Quadrangl,es._llrgiltt: VD!iR, RI.23 ('1970).

The remaining Piedmont geologic delineation was inferred regionally
from D. J. Cederstron, Geolqqy and Gropndwater Req,or{rces,of the York-
Jines ?eninsula, Virqinia, U. S. Geologic Survey Haterr Supply Paper

r 35r (r es7).



The rnost recent geologic information on the Coastal plain of Hano-

ver County was published by Paul A. Daniels, Jr., and Emil 0nuschak,

Jr. on the Geology of Studley, Yel]ow Tavern, Richmond, and Seven Pines

ft?4rFngles, Vi.rsiJia: VDMR, RI. 38 (1974). This work, in the U. S.

Gmlogical Survey 7.5 minute sca'le, interprets only four of the eight
Coastal Plain quadrangles in Hanover County; therefore, many of th€

characteristics of Coastal Plain Geo'logy (east of the Fall Zone) were

interpreted from these quadrangles. The geology sf the remaining areas

of the Coastal Plain has been obtained frsm R. H. Teifke and Emil 0nus-

chak, Jr. Gqglogig,,$tg4lSS,, Coastq'|. plain o,f Virgilia: VOHR, Eulletin
83 (1 e73).

Seohydrclogic information is extremely limited for the entire County

and was inferred from both regional reports and State !{ater Control Board

data. GeohydroloEic studies do not exist for the Piednont sectJon. Con-

sequently, this data must be determined solely fron the State l,later Con-

trol Board's water well infonmation. In the Coastal Plain, the geohydro-

logy is partially defined by D. J. Cederstrom, 9eglgqv and 9rcun$wa!:ql
Ra,sourcss.qt.th$ York-JgrEg; Pgqinsgla. tlltoinia., (1957); E. A. Siudyla,
T. D. Berglund, and V. P. Nervton, Groundqa.ter of the il,iddle PElinsg'la,

Vilqinla [SblCB Planning Bulletin 305 (1977)J; and Virginla Division of
ldater Resources, Gfq$ndwatef,, Henricq, gounty, Vilginia [Prel iminary
Basic Data Bulletin 35P (f971)1.

Uater:, llel1 fiqqrqelins lvslqdl
Each wattr well completion report acquired by the State llater Con*

trol Board receivei a specific number. The flrst three digits refer to
the particu'lar county in which the well ls located. These first d'igits
run from 100 to ?37 with those from .|00 to 199 representing, in alpha-
beticai order, the counties in Virginia; numbers from 200 to 237 repre-
sent cities and incorporated towns. The remaining diglts i'n.the com-

pletion report number are for the particular well in the county, city,
or town. For example, wel'l number '142-3'18 represents Hanover County

(f42), and this is the 3l8th recorded r'le'll in that county.



All of the lnformatlon about a particular well acqulres the same

number. Thls lncludes rater quallty, groundwater punpage and use, g€o-

physical logs, and geologic'logs. Al'l of the wells are listed in numerl-

cal'order and most in shronologlcal order. Both the Board's files and

the conrputer printout are based on this numbering system. tfhen it is
necessary to contact the Bsard about a particular well, lt is advisable

to refer to the well number, the owner, its locatlon, and the date of
constructlon. Thls information will allow for more efficient assistance

in well data retrieval.
All wells whlch have heretofore been located in Hanover County are

shovln in Figure 2. Detailed data on each well is included in Appendix 2.
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CHAPTER II
PHYSICAL SETTING

Physiggraphy, Land Use, qnd Sur,face H,ydrology

Hanover County is located in both the Piedmont and Coasta'l Plain
Physiographic Provinces of Virginia (Figure 3). The western portion of
Hanover County lies in the Piedmont Province. This province is charac-

terized by gently rol'ling hil'ls which are predorninant'ly composed of
igneous and metamorphic rocks such as granite, gneiss, and schist. The

hills are separated by moderately well-incised streams which drain in
an eastward direction. Elevations above mean sea level (ms]) in the

Piedmont portion of Hanover County range from about 100 feet (30 meters)

in easternmost drainageways to sl ightly above 300 feet (91 meters) on

the hi ghest western kno'l I s .

The eastern portion of the County lies in the Coastal Plain Pro-

vince. It is composed of unconsolidated sediments such as clay, sand,

and gravel. The elevations in the Coastal Plain section are lower than

those seen in the Piedmont portion, with e'levations slightly above 200

feet (6.| meters) msl on the western hills of the Coasta'l Plain Provinceo

to below 100 feet (30 meters) msl in drainageways toward the east. The

Coastal Plain streams, unlike the Piedmont streams, have a lower gradi-

ent of f'low due to the almost-level topography. Along with the low gradient

the non-confining properties of both the topography and unconsolidated

sediments enable the streams in the Coastal Plain to meander (as exem-

plified by the Pamunkey River).
The two Prov'inces are separated by the Fa11 Tone which extends

in a north-south direction through the central portion of the County.

This Zone is defined as the area in which the contact between Coastal

Plain sediments and the basement Piedmont crystalline rock exists.
Stream veloclties in this area change abrupt'ly from a napid rate of flowo

asthe,streams pass over the crystalline rocks, to a slower rate of flow

as the streams pass over the Coasta'l P'lain sediments.
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Land use in the County is predominately agricultural. Approximate-

ly 87 square tniles is cropland, with pastures comprising about ?7 square

miles and forests occupyinE 257 square miles. Urban areas account for
about l0 square mtles.

The County is located in both the York (Sub-basin II) and Janes

(Sub-basin II) River Basins. Dra'inage is eastward toward the Chesapeake

Bay with the Chickahominy, South Anna, North Anna, Pamunkey, Little, and

New Found Rivers being the major drainageways.

Climate and Soils
The c:limate is temperate in Hanover County with cold,. but not severe

winters and moderately warm summers. Average daily winter temperatures

range from 290F to 48oF (-zoC to 9oC); average daily sumner temperatures

range from 67oF to 88oF ('190C to 31oC). Precipitation ranges from 42

to 46 inches (1.07 to l.l7 meters) per year. DrouEhts and flooding are

fair'ly corf;non in Hanover County,. with the maJor floods caused by hurri-
cane activity. Temperature and precipitation data are given in Table I.

The soils of Hanover County haye been described adequately in Re-

port l7 from the Extension Division of Virginia Polytechnic Institute
and State University entitled, Sgils. of tl?nqver gqpqtJ Vllrqinia.

The county has been surv€y€d, and ln general, some 70 different
solls have been identified in Hanover County. These soils are derived

from the indigenous parent rocks and, consequently, show differences
between the two Provinces. Figure 4 is a reproductlon of the generalized

soil map of tlanover County and contalns the soil descriptions and asso-

ciations.

1'l
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CHAPTER III
GEOLOGY

Reqional Geoloqic Settinq
The geological evslution of Hanover County has been characterized

in the Piednont section by eutectonic uplifting, intervals of granitic
inJection, and normal faulting; and in the Coastal Plain section by

contJnual basement subsidence with subsequent marine and fluvial depo-

sition of regressive and transgressive sediments

The Fall Zone marks the border between the region of eroslonal
processes to ttre west (Piedmont) and the region of terrigenous and

marine deposltional procEsses eastward (Coastal Plain) (Figure 3).
Ttre Applachian 0rogenic Revo'lution (Silurian to Permian Periods'

420 to ?80 million years ago; Table 2) and associated eutectonic up-

lifting has enabled the igneous and metanorphic rocks of the Piedrpnt

to act as an abundant sediment source for the depositional filling of
the Coastal Plain from Cretaceous to Recent time. Continental tec-
tonic movements in the Coastal Plain section have produced an eastward

downsloping of the basement (Figures 5a and 5b) during Coastal Plain

sediment depositlon.
Granltic inJection occurred in the easternmost Piedmont during

Faleozoic time. During Triassic time, normal faults and their associ-
ated basins were formed following a release of east-west pressure be-

tween the European and &nerican Continental Plates. The deposition of
marine and fluvial, regressive and transgressive sediments has con-

tinued ln the Coastal Plain from the Cretaceous Period to the Present

with the existing northrsouth trending Fall Zone containing the western-

most remnants of Coastal P'lain sedimentation.
In view of the many differences between the geologies of the Pied-

mont, Coastal Plain, and the Fall Zone and the direct effect these

differences have on groundwater quality and production, each wi'l'l be

ana'lysed separately in this report.

t3



Table 2. Scale of .Geologic Time

SOURCE: LONGWELL FLINT, SANDERS (1969', P.132
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Piednont Geology

The Piedmont section of Hanover County is made up of different rock

units ranging in age from Precambrian to Triassic (figure 6). The pre-

dominant rock types in this section include the crystalline igneous and

metamorphic rocks, with minor exposures of consolidated sedimentary rocks.

The consolidated sedimentary rocks are Triassic in age. They are in-
cluded in the Piedmont because of their age, location, and well-consolidated
nature.

Both crystalline and wel'l-consolidated rock types are resistant to
v{eathering, Differential weathering of these rocks has caused the character-
istic hilly Piedmont terrain. Eastward, the Piedmont rocks are covered

in the Fa'|1 Zone by unconsolidated sediments of Cretaceous age and younger.

Drill cuttings obtained from wells drilled in the Coastal Plain show

that crysta'lline and well-consolidated Piedmont rocks exist at ever

increasing depths eastward (Figures 5a and 5b). These rock units are

col'lectively referred to as the "basement complex."

Through time, weathering processes have disintegrated, eroded, and

transported vast amounts of Piedmont rock debris. The in.place, disinte-
grated, crystalline and consolidated rocks are referred to as sapro'lite.
Sapro'lite varies in thickness from zero to severa'l hundred feet, with zero

indicating a hardrock outcrop. It is important to note that, throughout

the Piedmont of Hanover County, the depth and composition of the saprolite
has a direct effect on the quality and quantity of shallow sources of
groundwater. This is due to the fact that the sha'llow groundwater

potential in any area is directly re'lated to the depth and extent of the

saprolite. Groundwater quality increases with greater thicknesses of
saprolite. The eroded and transported Piedmont material (saprolite) is
believed to have been the major source of what is now called Coastal Plain

depos i ts .

Coastal Pl ai n Geo'looy

General, Stratioraphy. The Coastal Plain is composed predom'inantly of
unconsolidated marine and non-marine clays, silts, sands, and gravels

that were deposited during episodes of marine transgression and regression

19
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frorn the Cretaceous to the Present. Table 3 gives the ages, names, and

descriptions of the Coastal Plain formations. The unconsolidated sedi-
ments outcrop at the Fall Zone,where the westernmost occurrence of the

Cretaceous and younger age deposits (Figure 7a) exist$ and extend east-

ward to the Chesapeake Bay in an increasingly-thick sediment wedge.

Thicknesses of 800 to 900 f€et (244 to 274 meters) are noted at the

eastern border of Hanover County. Piedmont "basement complex" rocks

underlie this vast wedge of sediment (Figure 7b).

In the broad west-east cross-section (Figure 7c), sedinents are

represented as havinE evolved from fluvial Brocesses, marine transgres-
sion and regression, and deep-marine deposition. Many minor f'luctua-
tions have occurred durlng the marine transgressions and regressions,

thus making the localized geologic structure more complex than that
represented in this cross-section.

FALL
zor{E

FLUVIAL
SgDffiENTS

SEDTMFI{n FnO{!'r MARilrtE
R€GRESSION

i.!i.*.Vj,.Yj,Y j.Y j,! j,y_?,y j,:!

(,
1>ltl,:;li'y>h(,Y_(,Y{,Vi,V{,.Y(,Y,$SSSo'^| "o.n^'oiffi
?i ti .;.r 21 1)| i'l'.>l ?l ir\/:Th

Fl GURE 7a WEST-EAST, GEilERA LIZED, CROSS€ECTION, DEPICTI NG
MARINE R EGRESSIV€ AND TRANSGNESSI VE DEPOSITION
IN THE COASTAL PLAIN PORTTON OF HAilOVER COUNTY

During early Cretaceous time, the depositional environment was

predominantly fluvial, with clastic sands and gravels of the Patuxent
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Formation (Kptx) being lald down upon the "basernent complex" in pro-
gradinE deltas where ancient drainages emptied into shallow-water bodies

to the east (llaniels and 0nuschak,1974, p. 7). These sediments were

reworked as the eastward-prograding deltas were affected by frequent
marine encroachments. These Lower Cretaceous (Patuxent Formation)
clastic sediments increase in thickness from tens of feet at the Fall
Zone to hundreds of feet at the eastern border of Hanover County.

Transgressive and estuarine sediments were deposited on top of
the Patuxent sands and gravel s as the sea advanced and receded. These

sediments were deposited durlng the Late Cretaceous and Early-to Middls
Tertiary Period, and are generally of drab, grayish colors, laterally
and vertically homogeneous and with a well-sorted texture (Daniels and

Onusehak, 't 974, p. 7). The deposits are referred to as the Mattaponi
Formation (Paleocene and Eocene Epochs) with an erosional unconformity
characterizing its surface. Next, in Middle-to Late-Eocene, the l{an-

Jolroy Formation was deposited Uy near-shore marine processes. It is
referred to as a "greensand" (abundant in clay and glauconite). It,
too, is characterized by a surface, erosional unconformity.

The last major episode of marine transgresslon occurred in Middle-
Miocene time with the deposition of the "clayey silt". This unit is
fossiliferous and consists of drab, greenish-brown clays and silty
cl ays. These deposits incl ude the "lr{iocene Marl ", Cal vert Formation
(Darton, 1911 ), and St. Mary's Fonnation. The absence of an upper-
surface, erosional unconformity, and a lack of glauconite differen-
tiate these transgre:ssive deposits from the older underlyinE Mattaponi

and Nanjenoy Formations (Daniels and 0nuschak, 1974, p. 8).
Later, in the late Tertiary and Quarternary, the sea receded and

fluvial (regressive) processes predominated again. These deposits,
referred to by other authors as the Co'lumbia Group, BrandywJne Forna-

tion, and Lafayette Fonnation, are mostly land-derived clastic materi-
als. The regression of the sea continues to the present time. Much

of the recently-deposited alluvium is derived from erosion of Tertiary
regressive sediments.
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CHAPTER IV

GEOHYDROLOGY

General

Geohydrology is defined as the study of groundwater and its sub-

surface relatlonships with the surrounding geology. Groundwater repre-
sents only one stage in the rpvement of water through the hydrologic
cycle (Figure 8). The groundwater portion of this cycle is dependent

upon the amount and frequency of precipltation received in a given area

and, perhaps more specifically, the portion of the preclpitation whlch

has been allowed to inflltrate into the subsurface. It is this portion
of the hydrologic cycle, precipitation and lnfiltration, which is re-
sponsibl e, for eventual 1y recharginE al I groundwater resources. Infil -

9.tration iy' the key to the quantity of groundwater available as a resource.

Precipitation which infiltrates into the subsurface must pass through

pores and openings in the earth's outer crust (soil cover and surface

rock) as well as through rocks ln the subsurface. Groundwater, therefore,
passes through a zone of aeration, which includes a soll-water belt, an

interrnediate belt, and a capillary fringe. Flnally it percolates down

into a zone of saturation which ls the groundwater reservoir. Soil con-

dltions, vegetation, soil chemistry, topography, rock types, and geologic

structure all influence the quantity and quality of groundwater. 0f
these influencing factors, topogrdphy, rock type, and geologic structure
ar:e the major factors controlting the recharge, storage, quality, and

yield of a groundwater resource. These factors wi'll be discussed below.

It should be stressed that many parameters which affect groundwater are

all interrelated and, therefore, have a complex impact on the quantity,
quality, and retrievability of this valuable resource.

Topograqhy. The topography in the Hanover County area is dependent

primarily upon the existing rocks' resistance to weathering. Topograph-

ically high areas are generally characterized by well-consolidated,
unfractured bedrock or areas of impenneable clays. These high areas can

be contrasted to areas dominated by fractured, Jointed, or unconsolidated
rocks and sediments which became the topographic lows by faster, downward

erosion. Many of the natura'l1y-flowing streams and springs that subsequently



occupy these topographically low areas are also the surface expression
of the groundwater table.

Infiltration is greatly dependent upon slope and rock structure.
Steeply-sloping land areas cause rapid rain runoff, allowing very little
time for infiltratlon to occur. Convers€ly, gently-sloping to flat areas
ailow longer retention times for the infiltration of precipitation. The

geologic structure has a similar impact on runoff and infiltration.
Hater that infiltrates into the subsurface eventually recharges the

groundwater reserygir. The surface of this reservoir, or zone of satu-
ration, usual'ly paral'lel s the surface topography. The groundwater mi -
grates downslope, i.e. from toBographic highs to topographic lows (fi-
gure 9 ). Thus, most'low-lying areas have a greater potential as a

groundwater source than the high areas. Consequently" these low-lying
areas are affected to a lesser degree by drought conditions.

Rock. As used in this report, the terms "rock" and "rock unit"
will mean both consolidated and unconsolidated materials. Each rock
or rock unit is differentiated by its specific external and internal
physica'l and chemical characteristics. These characteristics greatly
affect groundwater qual ity and quantity.

The most important physical characteristics of a rock or rock unit
nhich af,fect its water bearing capabilities are its porosity and Ber-
meability. Porosity is defined as the volume of a rock unit which is
not occupied by solid material. it direct'ly relates to the groundwater

storage capacity of the unit. Permeability is defined as the capacity
of the rock unit to allow groundwater transmission. It is a measure

of the rock's ability to transmit its stor.ed groundwater. Both the
porosity and permeabil ity of any rock unit are dependent upon the size
and ori entation of i ts mi nera'l grai ns ( Fi gure 'l 0) . For exampl e, a

highly permeable and porous rock is fdeal for groundwater infiltration,
storage, and production (i,e.: sand'). in contrast, a rock unit such.
as clay can possess a high degree of porosity, but have low permeabi-

lity and, therefore, be a very poor groundwater producer.

The chemical composit'ion of the rock unit affect or determines
the water quality. Therefore, various minerals composfng the rock unit
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Figuro 1O Diagranratic r€pr€ssntations showing ocampls of porosity and permeability.

EXAMPLES OF POROSITY -
- Porodtt' h dre arnqrnt of poru speor, or volume of a formation whicfi ir not mrpitd bf did matrrid.

- Well€orsd, Medium Sirr
ktimem
{Hl$ Poraoity}

-Wdl$ortrd Medism Size
Ssdirnsnt widr Porar Grainr
Very H:gh Porority|

- Well€ortsd
Grwd. {Vary Hidr
Poreityl

EXAMPLES OF PERMEABI LITY

- Fonrly SorCId Sdirnsnt
{tsw Porclityf

- lf Intcrgr.nuler Spacr ir
Cemcned - (Very Low
Pororityl

Piedmonr Tym Bedrock

- Gsriti* Dersloped

- Permcsbility ic fie af*ity of e porour mcdlum to trarsnitrrgte"

Aloq Fracturer
and JoinG
(Very Fligft Porosityl

- Incrconnectld Fractrnr
(Hi$ Penn€ability)

- Well.Sorted, Medium Size
Scdiment
(!liS Permeabirlitvl

- Paorly Sortcd Sediment
{High Pcrmsability -
Lower dran I'llell SorEd,
Coar$ Sedinantl

- Ctay
(Vcry Lm Permcability)

- Well-Sorted, Gravel
{Higft art Permeability }

- Poorly.Sortcd Sediment,
Cernened Intop
Granular Spces
{Very Lotrr Permeabilitr}

Piedmont Tvoe Bedrock

- Non-Connecting
Fracturer and
Joints
{Very Low Perrneabiliry)

- Clay (HiCr Porocityl

SOURCE: STATE WATER CONTROL BOARD - PRO



supply the chemical concentration as the groundwater percolates through

It. Percolation rates (permeability) and the amount of time the water

remains in intimate association with the rock are important factors in
determining groundwater qual ity.

The terms aquifer, aquitard, and aquiclude describe the overall
groundwater transmission characteristics (permeabil ity) of a geologic

formation and are tied directly to the rock type. An aquifer is des-

cribed as a rock unit which al'lows the transmission and rapid well-re-
covery of groundwater. An aquitard is a rock unit which hinders ground-

water movement but does allow some vertical and lateral movement wlth-
out rapid well-recovery of its water. An aquiclude prohibits trransmission

of groundwater and contains no water.
Geoloqical Structure. The geologic structure of an area refers to

the attitude of the rock unit or formation. More specifically, this
term refers to the regional disposition of the unit and includes its
extent, thickness, strike, dip, joints, and faults. These structure
characteristics can hinderor hasten groundwater recharge, movement, and

storage. Vast extent of a water-.bearing unit increases its groundwater

storage capacity. Faults, joints, and vertical dip can increase the
infiltration rate (recharge).

Thesemajoraspects of geohydrology can be used to develop a detailed
analysis of the groundwater resources of Hanover County. The following
sections will analyse the geohydrology of Hanover County.

General Geohydrol ggy, gf*Hanover: Count.y

Due to the diversity of,the geology and related groundwater aqui-
fers in Hanover County, the geohydro:logy of the Riedmont and Coastal

P'lain sections are discussed separ:ate1y. The Fal'[ Zone needs special at-
tention because of its geo'logic complexity as the interface area between

the Piedmont and Coastal Plain.
Some general aspects of the County's geohydrology can be determined

from the State tdater Control Board's water well data. A county-wide dis-
play of static water'levels is shown in Figure 11. The depth from the
'land surface to the well water surface is defined as the static water
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level. This plot shows a general view of the existing static water

levels in Hanover County and can indicate generally the depth at
which groundlrater is available. The static water levels in wells that
tap artesian aquifers (Coastal Plain) reflect a distinctive hydrosta-

tic head pressure and generally are much higher than the top of the

water bearing fonnation.
Groundwater yields for the entire County have been contoured by

computer with no regard for the aquifer, well size, pumping rate, etc.

and are shown in Figure 12a. Figures 12b and 12c show an enlarged map

of groundwater yields for the Piedmont and Coastal Plain sections, re-
spectively. In general, it is shown that the potential groundwater

yield is greater in the Coastal Plain than in the Piedmont section.
In no way should this yield information be construed to represent

maximum yields for any specific'location. It only provides air overall
view by county and physiographic province of what existing wells
yi el d.

Piedmont Geohydroloqy

The Piedmont section of Hanover Cor.rnty contains Precambrian,

Paleozoicn and Triassic age rocks. The geohydrology of these rocks

is related intimately with the characteristics of the existing con-

solidated bedrock, the derived sapro'lite, associated faulting and

Jointing, and recent alluvfal deposits. Their re'lationships are de-

picted in Figure 13. A discussion of Piedmont geohydrology will in-
clude Precambriann Pal eozoic, and Trn'iassic age rock units.

Precambrian Rocks (600 million years old-!!-d-9-1-deI). The Pre-

eanbrian-aged rocks extend from the western border of the County

eastward to a northeast-southwest trending contact located near Verdon

in the north, to a fau'lt zone near Hanover.Academy and east of Gilman

in the central sectior, dfld then to a contact one mile east of Rock-

ville in the south (Figure 6). The areal extent of these rocks is
approximately'192.7 square miles (Figure'14).

The most common Precambrian rock types encountered are granite
gneiss (grgn), biotite gneiss (ugn), hornblende gneiss (hgn), and
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amphibolite (an). These crystalline rocks are most corunonly inter-
layered, but two dlstinct areas near Hylas are dominated by biotite-
rich gneiss (Goodwin, 1970).

Brown. (lggf) referred to the granite gneiss as the State Farm

Gneiss. He described it as a Precambrian biotite-oligoclase gneiss

of igneous orfgin. The Eranite gneiss is considered older than the

cataclastic rocks (Pcat) (southeastern contact) and the Petersburg

Grantte (Pzpb) to the east because these units either intrude or
superpose it. Granite gneiss dominates the Piedmont section north of
the Hylas gradrangle. Goodnin {1970) described it as a relatively
unlform, even-banded, uell-foliated granite gneiss. Jointing is conupn

in the gnelss and, thus, has a direct effect on potential groundwater

yields. Foliatlon (planar arrangement of mineral grains) is well
developed, Pegnatites, along with veins of quartz and granlte, are

noted both parallel and perpendicular to the foliation, with the

largest pegrnatites (three inches wide) being concordant (parallel)
to the foliation

Bfotite gneiss is well exposed along the right bank of the South

Anna River 0.1 mile west of where State Road 673 crosses the South

Anna River. It ls biotite rich and intensely foliated, approaching

a schitose texture (Goodwin, 1970).

0ther Precambrlan units interlayered with the granite and bio-
tite gnelss include the amphiobolite and hornblende gneiss. Folia-
tion is parallel to the surrounding gneiss, and the units are pre-

sumed to represent metamorphosed lava flot{s or beds of mafic pyro-

clastic debris {Goodwin, 1970, p. 6).
Many fracture patterns and joint sets (no displacement frac-

tures) exist in these rocks. The fractures and Joints are the pri-
tmry groundrvater source and storage areas in the Piedmont rocks. A

technique known as fracture-trace analysis enables delineation of
fault lines and highly Jointed areas. Areal photography and high
quality geologic mapping assist in locating fault lines. 0nce de-

lineated, these fractured and jointed areas should be investigated
for groundwater. The greater the number of fractures and joints,
the greater the potential for groundwater.

4t



Fracture-trace analysis easily can be adapted to the Piednont's
predominately granite-tike rocks. As stated earlier, these fracture
zones are subject to erosion and subsequently become topographically
low areas with a good potential for groundwater. It must be noted that
fractures, in genera'|, are smaller and occur less frequently with depth.

Therefore, drilling a Piedmont well deeper than 300 to 400 feet is
usually inadvlseable unless a csntinuous yield increase with depth

is noted.

The weathered bedrock knoun as sapr.o'lite is found as the surface

cover for most of the Piedmont section (figure g ). The saprolite
ranges in thickness from zero feet,at a bedrock outcrop, to 100 feet
(30 metens) or more in highly-weathered, topographically-low areas.

The saprolite has geohydrologic characteristics similar to unconsoli-
dated sediments, but its perrneability is considerab'ly lower due to its
non-transported nature and 'large content of c1ay. Huch of the infil-
trating rainwater collects at the saprolite'bedrock interface due to
the impenneability of the solid bedrock. i'lost shallow bored wells in
the Piedmont tap this zone for their groundwater supply [Figure 15

(wel'l #4)1.

Stream alluvium and terrace deposits along streams and drainage-
ways also suppiy some shal'tow wells in the Piedmont [Figure l5 (we]l

#5)1. The unconsolidated sediments usually contain adequate ground-

water supp'lies for domest'ic purposes. Most of these supplies are

very susceptible to f'luctuations in precipitation and nearby stream

and drainageway contamination. Alluvial deposits with coarse consti-
tuents are the best potential groundr*ater source. Such deposits are

sparce in Hanover County, but can be found in buried stream channels

within a river plain (Figure 15).

Many pegmatites (Figure 9) (coarse-grained igneous dikes and

veins) occur in the P'iedmont and in many cases develop into highly-
permeab'le gouge zones (fine-grained debris) due to weathering action.
These pegmatit'!c gouge zones store groundwater and can yield adequate

domestic supplies, but possib1e high iron concentrations and surface
contamination make the majority of them less than ideal groundwater

sources.
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The groundwater yields from the Precambrian rocks are quite varia-
ble. Faults, joints, and depth of the saprolite are very site specific
(localized) and directly affect the groundwater yield. One location
may yield 40 gal'lons per minute, while a well only a few hundred feet
away can be dry. Table 4 lists the notable wells from the Precambrian
granite gneiss (grgn), with their tested water yie'lds in gallons per
minute (GeU).

Although the contour map (Plate 12b) shows higher yield areas
south of l'lontpelier and in the vicinity of Beaverdam, this must not be

construed to refl'ect the-true groundwater potential.',in thesb areas.
The numbers of fractures encountered, well diameter, and the efficient
development of the groundwater supply are important factors controlling
the groundwater yield attained. An average yield of from l0 to 20 GPM

(gz.g to 75.7 liters per minute) can be expected throughout the Precan-
brian rocks of Hanover County

Pre,cambrian Rqcks - Gqoundwater, Quplitv. Groundwater quality is
very dependent upon the chemJcal composition of the surrounding rocks.
The mineralogic composition of the granite and biotite gneiss includes
quartz (Sl0e), potassic feldspar (KAl SigOe), p'lagioclase feldspar
[(Ca, Na) (Al, Si) A1 Si2 OgJ, biotite [K(Ms, Fe)3 (At siaOtO) (0H]el,
hornblende [NaCaZ (Mg,Fe, At)S (Si, Al)g 0eZ(0H)2], and garnet I Alaman-

dite - Fe3Al2 (sioa;rl. Accessory minerals include sphene (ca Ti si05),
zircon (Zr" Si0q), and apatite [CaS (P0+)s (F, Cl,0H)]. The hornblende
gneiss and amphibolite contain hornbiende, plagioclase, quartz, potas-
sic fieldspar, pyroxene [(Mg, Fe) Si0g], sphene, apatite, and calcite
(Ca C03). These minerals provide the chemical constituents that na-

turally influence groundwater quality. The slow percolation of water
into the ground allows intimate and long contact of the water with the
surrounding minerals. Because these minerals are soluble to a greater
or lesser degree, the groundwater will increase in mineral content as

it percolates through the subsurface until an equilibrium or balance
of dissolved substances is reached. it should be noted that many

variables affect groundwater quality, but mineralogy is one of the more

s i gni fi cant.
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In gelleral, groundrrater quality from the Precambrian rocks ls
good. There are isolated cases, however, where groundwater quallty
can be Jeopordlzed. These cases involve areas ln which fracture zones

lack a saprolite cover which acts as a "water filter." Pegrnatite

zones have groundwater quality characterlstics and problems similar
to joint and fracture zones.

The quality of saprolfte-derived groundwater is usually quite
good due to adequate filtration. Due to the shallowness of wells
developed in saprollte, horeyer, the chance of surface contaninatlon
is a continual threat to their quality.

Strean a'lluvium and terrace deposits are good groundwater puri-
fier"s and source areas, but usually they are not of sufficient size
and extent to be dependable producers in Hanover County. In shal'low
gravel deposits (ancient stream channels of high porosity and penflea-

bility), the water is not renovated (purified by percolation) as

rapidly as ln finer grained materlals. 0ccasionally, anclent burled
stream channels can provide adequately purJfled groundwater in large
volumes. Surface contanination from floods remains the biggest threat
to a well which taps stream alluvial deposits.

Groundwater ls notably soft in the Precambrian rocks with very
few soluble Ca, Mg ions found in the granite gneisses. Specific
conductance is very low, lndicating few dissolved sollds. The pH

ranges from 4 to 7i the maJority of the groundwater averages about

5. Lou iron concentrations of 0.05 to 0.10 ppm are common in
the Precambrian rocks, but chloride and fluoride concentrations
are very acceptable. Hitrate concentrations are very low ln the
Precambrian rocks except near Beaverdam where slightly higher values
are noted. Contamination by septic tanks and animal wastes could be

i nfl uenci ng these va'l ues .

Pa'leozoic Rocks (OOO to 230 million years old). The rocks of
Paleozoic age include the cataclastic rocks (Pcat),

canics by other authors, and the Petersburg Granite
5).

cal 1 ed metavol -
(Pzpb) (Figure
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The cataclastic rocks occupy an area of approximately 5.68 square

miles and lie in the south-central portion of the County {Figur"es 6

and 1.t4. They are bordered on the west by amphibolite and the granite'
biotite, and hornblende gneisses, and on the east by the younger

Petersburg Granlte. The maJor minera'ls found in these rocks inc'lude:
quartz, potassic feldspar, plagioclase, and muscovite (sericite).

The cataclastic rocks are hlghly iointed gneisses that have a

noteworthy cataclastic texture indicating great mechanical stress

and deformation. The many joints and fractures all along the eastern

edge of the catac'lastic unit are a result of the great sheaning forces

that occurred. This fau'lt-shear zone is in line with the Triassic
faults to the southwest (Rlchmond Triassic Easin) and northeast.
The fault and its associated, highly-fractured zones have a good

groundwater potential .

The Petersburg Granite (Pzpb) lies to the east of the cataclas-
tics in a triangular-shaped area with corners 'located southwest of
Ooswell, east of Hylas, and Just west of Elmont (Figure 6). Its anea]

extent is approximatel y 42.8 square miles with the Fall Zone as its
eastern border (Figure 14). As classifi'ed by Bloomer (1939, p. 142-

143), the Petersburg Granite consists of three phases: a gray to
pink, medium-grained granite; a blue, relatively fine-Erained facies;
and a porphyritic facies. An average compositional analysis of the

granite is 38 percent orthoq'lase, 35 percent plagioclase, 25 percent

quartz, and 2 percent mafic minerals.
The Petersburg Granite borders the catac'lastic rocks east sf the

fault zone. There is another fault zone extending in a northeast-

southwest direction through the central portion of the granite unit.
This second fault zone is also a good potential source for groundwater.

The onlapped Coastal Plain sediments form the eastern border of the

granite.
The predominant source of groundwatern however, for both the cata-

clastic and Petersburg Granite areas, i.s the saprolite associatect with

these two units. The saprolite generally yields good qua'lity water in
sufficient amounts to satisfy domestic needs.
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In general, the Paleozoic rocks, saprolite included, have ground-

water yields ranging from I to 50 gpm (3.8 to 189.2 liters per minute);
a yield of l0 gpm (37.9 liters per minute) is the average for these

rock units.
Paleozoic Rocks :. Groun$water Quality-. The groundwater quality

of the cataclastic rocks and the Petersburg Granite is very similar
to that encountered in the Precambrian rocks. The same effects of
fractures, pegmatites, saprolite, and alluvium are noted in these

Paleozoic rocks.
Hardness values are soft to moderately hard. Speclfic conduc-

tance and total dissolved solids increase in the Petersburg Granite,
with the highest values along the eastern border (fatt Zone). The pH

fluctuates from 5.0 to 9.0. Iron values range from 0.05 to 1.0 ppm

in both the cataclastics and Petersburg Granite. Chloride ranges from

1.0 to 10.00 pBnr, with fluoride ranEing fron 0.5 to 1.0 pprn. Nltrate
concentrations are from 0.5 to 10.0 ppm in both units.

Triassic Rocks (230 to 180 million years old). The Triassic
rocks are the joungest rocks of the Piedmont and are confined to areas

known as the Triassic basins. Total areal extent of the Trlassic age

rocks in Hanover County is 10.50 square miles (Figure l4). Normal

faulting occurred early in Triassic time, creating basins which were

filled subsequently w'lth detrital sediments transported from the west.

Figure 8 is a schematic representation of a typical Triassic basin.
Triassic basins are found throughout the Piedmont Province of

Virginia. Comnon, well-consolidated, sedimentary units noted within
a typical Piedmont Triassic Basin include: coal (not noted in Hano-

ver County), coarse conglomerates, shales, and interbedded shales and

sandstones. The majority of the Triassic rocks usually are referred
to as "red beds" (shales and sandstones) due to their characteristic
red color (iron oxide staining). Such rocks have been noted under

hundreds of feet of Coastal Plain sediments further to the east
(Teifke, 1973, well #3316).

In Hanover County, diabase dikes cut thr.ough the Triassic sedi-
mentary rocks near Hy'las and continue into the cataclastics (Goodwin,
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1970, p.5). Coal has not been noted in Hanover County's Triassic
basins, but exists'ln the Richmond Basin to the north. Shales and sand-

stones are the major rock types in the Triassic basins in Hanover

County.

The Trlassic (Tnn) basin rocks have geohydrologic propenties

sfnilar to the nearby Petersburg Granite and Precambrian granite gnelss.

These well-consolidated Triassic sediments were deposited in down-faulted

basin areas, with the coarser materials deposited along the fau'lted
western margins. The finer-grained materia'ls were deposited in the

eastern portion of the basins (Figure ld. The greatest groundwater

potential within the Triassic basin rocks is along the western border

where faults, conglomerates, and the greatest thickness of basin fill
are 'located. Triasslc groundwater yields are generally lower than

thsse from unconsolidated sediments of equal grain size and similar
composition. This characteristic is due to the decreased porosity
and penneabi'lity of the Triassic Rocks caused by thelr consolidation
(intergranular cementation) .

Table 5 lists maJor we'lls located in the Triassic rocks with
their tested yields and water zone data.

The contour map showing yleld indicates highest groundwater yields
north of Osswell near the Hanover-Caroline County Line (Figure lzb).
Yields differ gr"eatly throughout the Triassic basins fron 4 to 165 GP!'f

(15.1 to 624.6 liters per minute) with most of the we'lls yielding from

5 to 40 GPf'l (18.9 to 15'l .4 'liters per minute).

Triqspig RpCks : 9t"oundwal-qr_ Qyali!y. Groundwater quality from

the Triassic basins is similar to that of the Petersburg Granlte and

of the Precambrian granite gneiss. Total hardness is usually about

60 ppm, with the Ca, Mg hardness being very simi'lar. Specific conduc-

tance ranges from100 to 300 micro-nhos/cm, and the pll ranges from 5

to 7, Iron concentrations are from 0.05 to 0.1 ppm, with total dis-
solved solids from .|00 to 200 ppm. Chloride commonly ranges from'l
to 10 ppm in the Triassic, and fluoride concentrations of 0"05 to 1.0

ppm are noted. Nitrate ranges from less than 0.5 pprn in the western

portions of the friassic basins to 5 ppn in the east.
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The Fdl Zgte

The border zone between the Piedmont rocks to the west and the

Coastal Plain sediments to the east is the Fall Zone (FiEure 4). In

Hanover Countythis zone trends north-south, parallel to, and in the

vicinity of lnterstate Route 95. An abrupt fall fn land elevation
is noted in the Fall Zone. This difference in elevation is dis-
played not only in the topography but also by the change in velocities
of the streans and rivers and by the many Petersburg Granite outcrops.

Sources for groundwater in the Fall Zone are rather limited and

include the saprolite overlylng the Petersburg Granite; the thin,
onlapping: ufidifferentJated, Coasta'l Plain sediments; and the under-

lying Petersburg Granite bedrock. The best source of groundwater in
the Fall Zone is from the deeper, underlying Petersburg Granite.
Fractures and joints in the granite offer a greater potential for
better groundwater qual ity and quantity than the saprol ite and un-

consolidated materials (Figure l7).

Co?stal Plq,in Geohydroloqy

The major groundwater production aquifers in the Coastal Plain

section of Hanover County include the Paleozoic and Triassic ("base-

ment complex") rocks, the prlircipal artesian aquifer (Cretaceous:

Patuxent Formation), upper artesian aquifer (Late Cretaceous and

Tertiary), and the near-surface water table aquifers. (Rn artesian
aquifer is a geologic unit capable of yielding groundwater under a

hydrostatic pressure due to confinement both above and below by less-
permeable rock units.) Table 3 surrnarizes the aquifers and their water

beari ng characteri stics
Pal eozoic "Basemert Complex" {600 to 230 mill ion years.old). The

major unit of the "basement complex" in the Coasta'l Plain part of Hano-

ver County is the granitic bedrock and its derived saprolite, a'lthough

some Triassic "red beds" have been encountered. The unweathered gra-

nite is similar to that found to the west in Piedrnont exposures and

has similar geohydrologic characteristics. Granite outcrops are rare
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in the Coastal Plain and mainly occur along drainageways near the Fall
Zone (Figure 7a), where the washing away of thin Coastal Plain deposits
has allowed their exposure.

The saprolite is usually red,clayey, medium- to coarse-grained
sand of variable thickness overlying the bedrock. In its most weathered

form it may contain no identifiable structures and, therefore, is very
dlffJcult ts dlstinguish from some regressive sediments that have been

transported for only a shsrt distance ("granite wash"). The rewor"ked

saprolite is interpreted as a maJor source from which the Coasta'l Plain
sediments were derived (Daniels and 0nuschak,1974" p. 14).

Subsurface samples:obtained from State ilater Control Board well
#142-2 (VOUn 3904) in eastern Hanover County indicate that the Trias-
sic may have been encountered at 344 feet below sea level. These sam-

ples are predominately mudstone and sandstone. The mudstone appears

to have some minor cementation and variatl'on in the lithlc conposi-
tion. Sorting is very poor, yielding a low order to textural maturity
(fotf, 1965, p. I02). Clay layers found in the Triassic rock are com-

monly yellow, purple, gray, and green in co'lor.
The geohydrology and groundwater quality characteristics of these

iocks are presumed to be similar to the Precambrian,. Paleozoic, and Tri-
assic rocks in the P.iedsront portion of the County.

CrFtaceo,us Period (135 to 53 miltign years old). The lowest Cre-

taceous unit is the Patuxent Formation (Kptx). The surface areal ex-
posure of this formation in Hanover County is approximately 4.32 square

miles (Figureld. The Patuxent Iies unconformab'ly on the "basement
complex", with its top unconformably overlain by Late Cretaceous age

rocks. These Patuxent regressive, fluvial deposits were laid down in
a wedge-shaped fonnation that increases in thickness eastward.

The characteristic, regressive, coarse sands and gravels, coupled

with the great thickness and extent of the formation, provide for
vast storage and production of groundwater. From the Fa'll Zone where

it outcrops, the Patuxent dips eastward, increasing in thickness to
550 feet (]67.6 meters) near. the eastern border of Hanover County,

where it is encountered at some 200 feet (6'l meters) beneath the
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surface. D. J. Cederstrom (1957, p. 8) comments that:
"Near the Fall Zone, Cretaceous units in the aggregate are
thin, and permeable sand beds may be thin or lacking. It
is thought that the part of Hanover County'lying east of
a north-south 'line rirawn through Hanover Courthouse and
Mechanicsville is favorable for the development of large
supplies of water from deep wells, and that the eastern-
most part of the County is particularly favorable."

Figure l8a shows the geo'logic interpretation of Patuxent occurrence

and thicknesses by Daniels and 0nuschak (1974). Figures l8b and 18c

contain the Patuxent Units H and F as interpreted by Brown (1972).

Both interpretations are provided in order to present the most re-
cent interpretations of Patuxent subsurface delineation. It should

be noted that Figure l8a is based on quadrangle data, whereas Figure

18b and l8c are from regional data (implying that Figure'l8a is more

accurate because of greater detail in study).
The progradational del tas (Figures l9a and l9b) of the Patuxent

Formation have definite areas of coarse and fine sediment deposition.
The high energy regimes of the distributary channels deposited coarse

sediments into "basement compiex" topographic lows {Figure 5a and 5b).

As the basement lows filled, finer-grained sediments were deposited on

the flanks of the basement highs. Differential compaction of these

sediments, brought on by the weight of subsequent deposition, has caused

the fine-grained deposits to become thinner (subsidence) than the

coarser depos i ts . Thus , basement hi ghs eventua] 'l y became the l ocation
for later depositional activity. This process is more fully devel-

oped in VDMR Report of Investigations #38 and will be developed fur-
ther in this report as an aid to aquifer delineation.

In order to better understand the water-bearing characteristics
of the principal artesian aquifer (Patuxent Formation), the yields,
static water levelsn drawdowns, sand percentages, specific capacities,
and hydraulic conductivities (average permeabi'lity) must be studied.

The Patuxent Formation in Hanover County has groundwater yields
that range from 8 GPM (30.3 'liters per minute) at we1 1 #422 to .|78

GPM (673.8 'liters per minute) at well #7 (Table 6). These yield
values can be correlated when the length of the screened section
(water intake), the position of the screens in the aquffer, the size
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TABLE 6. GROUND}IATER INFORT'IATION FROI4

PATUXENT FORMATION WELLS

SI{CB lllell
Number

I

2

3

5

6

7

8

l0
1Z

l3
l4
l5
r9
37

38

49

61

70

74

104

t19

127

130

131

15't

153

160

I64

165

Speci fic
CaFaci ty
(cPil4rr)

0.21

I .66

0.83

0.26

0.40

2.65

0.55

0. e5

0.07

1 .23

0.55

?.00

I .61

0.58

2.54

Thickness of
Aquifer Screened

20'

25'

?0'

15,

43'

40,

40'

40,

30'

50'

30'

50,

l5'
25'

39'

20'

10,

?a'

15,

l0'
1 00'

5l

5'

20'

30'

35'

40'

40,

40,

flol e
Diameter#

0.5'
1.0'
0.833'

0.833',

0.833'

0.833'

0.833',

0.833'

1.0,
0.833 '

0.833 '

1.0'
0.5 ,

1.0,

I .0'
0.833'

0.5'
0.5'
0.65 ',

0.5 '
1.0'
0.5 '
0.5 '
0.5'
0.5'
1.0'
I .0'
1.0,
'l .0'

Drawdown
(tt)
79'

Yiel d
(cPf't)

17

2.87

0.35

4.07

1 .88

42'

98',

75'

7[',

57',

55'

83'

190'

69'

36'

50'

70,

72'
31 ',

73'

126'

80'

l6'
24'

170,

33'

5l'
80'

ll5'
1l4'
33'

27'

53'.

7A

8?

2s

30

178

31

2'l

l4
85

20
't20

lt3
42

79

120

75

102

45

50

50

50

30

165

175

115

82
't't 0

100

61



SIICB l{e'l'l
Nunber*

r56

158

171

182

186

197

198

e01

206

2A7

?09

210

217

219

220

227

e30

?79

322

412

414

418

419

422

Table 6 Continued

Thickness of
Aquifer Screened

30'

30'

40'

20,

12'
50,

'100,

20'
20'

45'

2g'

30'

17',

. 45'

30'

30'

40,

7A'

30,

16,

20'

35,

l5'
40n

Speci fic
Capacity
(GPI,I/FT)

Drawdown
(rt)

60'

105 ,

55'

87'.

70,

21'

82'

54',

24'.

105'

48,

39'

l l6'
36'

43',

35'

l5'
l5'

l0l ,

90'
'l 5'

36'

42'
g2'

Yiel d
(qPM)

38

100

1r0

lt0
l5

108

52

69

4t

?2

150

105

65

100

95

100

80

40

80

120

47

55

45

8

tlole
Dianeter

1.0'
0.66 ',

0.66'
0.66'
0.5 '
0,916'
1.0'
0.5'
0.5 |

0.833'

I "0'
I "0,
0.556'
l .0'
I .0,

I .0,
1.0,
I .0,
I .0'
I "0'
1.0'
1.0'
1.0,

0.915,

1.26

I .08

I.s2
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of the pump, and the diameter o.f the ho'le are taken into account. l'lhen

these water well variables are equated, the true groundwater potential

of the aquifer can be understood. The complexlties of this procedure

necessltate the use of other methods of determining wel'l productivity.
Specific capacity (epn/foot of drawdown) and hydraulic conductivity
(the averag€ permeabil ity of the aquifer) are such methsds for under-

stand{ng the true groundwater potential of the aquifer.
The specific capacity of the well is obtained by dividing the

yield by the measured drawdown (Figure 20a). This va'lue then must be

modifled by the variables of well radius and the portion of the aqui-
fer being used (Partial Penetration Chart, Figure 20band 20d. l{ell
radius data can be obtained easily. The portion, or percentage, of the

aquifer being used can be determined by driller's logs and geo'logic

data. In order to be able to use the Partial Penetration ehart, the

thickness of the aquifer (m) must be known, a'long with the wel'l ra-
dius (r), and the thickness of the screened portion of the aquifer.
The percent sf maxlmun specific capacity attainable can then be deter-
mined from the chart, with the maximum specific capaclty of a fully-
penetrating well being a good indicator of the aquifer's production
potential (Table 7). High specific capacity values for an aquifer
indicate a greater grcundwater potential.

For example, in Figure 21, Patuxent wells and the aquffer's
maximrm specific capacities are $uperimposed upon the progradational

deltaic lobes noted in the subsurface. The arrows indicate high energy

areas (deltas and channels), with characteristic coarse sands and gra-

vels which are highly porous and permeable. The interlobate areas

contain fine sands, silts, and clays which are porous, but not very

permeabie. Figure 21 indicates high specific capacity values in the

progradational deltaic lobes. A scarcity of deep wells in the inter-
'lobate areas indirectly supports the theory that these areas, in the

past, have not been favored as well sites because of low groundwater

yi e'l ds .

The hydraul jc conductivity (average permeabil ity) of the Patuxent

aquifer can be determined by properly interpreting the we1l data. Hy-

draulic conductivity is measured in Meinzers (ga'llons per day per square

bJ
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foot per foot of drawdown). The formula is as follows:
24_. 

QK = T shnD

Where: K = hydraul ic conductivity in Meinzers

T = total hours pumped

Q = total gallons discharged

5 = drawdown in feet
h = thickness in feet of permeable section

of the aquifer
n = 3..|4.|59

D = diameter of the hole in feet
To modify this formula for gallons per minute:

r=Q 
.|440

'' ShnD

As an .*.rpre of this measurement, the hydraulic conductivity (aver-

age permeability) ean be calculated for SWCB well #142-1. The discharge

or yie'ld (a) is '17 GPM. The drawdown (S) is 79 feet with the screened

section of the aquifer (h) equaling 20 feet. The diameter of the hole

(D) is 0.5 feet. Therefore:

(= 17 GPM) (.|440 minutes/da

K = ffi = 9.863- gallons per minute per square foot
per foot of drawdown

Ts understand the potential yield of an aquifer, the hydraulic con-

ductivity (permeability) is the best, but the most complex method.

Table 8 l ists the hydraul ic conductivity va'lues in tire Patuxent For-

mation of Hanover County for wells with know specific capacities. Figures

22a and 2b locate these values on the Hanover County map.

Tabl e 8. Hydraul ic Conductivity - Patuxent Aquifer

Hydraul ic Conductiv'ity
(eeU per square foot
@

9.87

30.87

23.03

9.79

67

SWCB lllel 1 #

I

I
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6

7

I
t0
12

l3
15

19

37

38

74

164
'165

418

5.19

36.57

7.76

3 .48

1.13

I 3.56

18.34

98.7'l

I 0.70

29.97

133.18

46.71

21.53

20.02

Hydrau'lic conductivity is an approximate value for the true permea-

bility of the aquifer. High values indicate a more permeable zone with
greater groundwater potential (Table 9 ). The zones of high, hydraulic
conductivity values generally correlate with the Patuxent progradationa'l

deltaic lobes and give a better definition of the aquifer potential than

the specific capacity values.
The percentage of sand present in a well'is also used to estimate

potential groundwater production. Sand percentages of several Patuxent

wells have been calculated from the geophysical logs. The percentage of
the well depth determined to consist of sand is a good reference for com-

paring groundvlater yield potentials. Figure 23 shows wells whose sand

percentages have been-determined. Contour lines were plotted by computer

to correlate the data.

Conc'lusiqn,s. It is bel ieved that the greatest, potentia'l , ground-

water source areas of the Patuxent Formation are in the progradational

deltaic lobes. A composite of the sand percentage, specific capacity,
and hydraulic conductivity values indicates that the coarse-grained,

del ta channe'l fil l ings provide the best groundwater supp'l ies. The in-
ter'lobate areas are 'low-potential , groundwater-yie'ld areas. Braiding of
the distributaries and sinuous migration of the channels through time

have made the Patuxent in Hanover County a very complex aquifer. More

detailed deljneation of the subsurface is a necessary prerequisite for

70



TABLE 9

C0MM0l!l PERMEABILITIES AND

HYDRAULIC C0NDUCTIVITiES (at 60"F)

Groundwater
Production

Very Good Fiow

Permeabi 1 i ty
(Darcies)

over I 000

Hydraul ic
Conducti vi ty

(Mei nz"e.rq )

over 18,200

1 00-l 8,200

5-1 00

2-5

Rock or Soil Material

unconsol idated, c1ean,
well-sorted sand and
gravel, open coquina,
open fractures and
fault zones, open lime-
stone caverns and solu-
tion vugs, open brecc'ia

packed, clean gravel,
dune sand, fine, un-
consol idated, cl ean
sand, packed, clean
coarse sand

moderatel y- i ndurated-
and-cemented, clean,
wel I -sorted sandstone,
silt, loess

very-i ndurated-and-
cemented, clean sand-
stone and siltstone,
poorly-sorted sand
and sandstone

sucrosic dolornite,
quartzite, c'layey
siltstone and sand-
stone

clay, shale, mudstone,
unweathered, crystal -
I ine I imestone and
dense dolomite, ur-
weathered igneous and
metamorphic rocks, grdy-
wack, salt, iron ore,
massive chert

Good Flow 5.5-l 000

Average Flow 0.275-5.5

Low Flow 0.11-0.275

Very Low Flow 0.055-0. I I

No Flow less than 0.055 1 ess than I

1-2

SOURCE: SI,JCB-PRO, BI,{CM
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better county grrundwater understanding.

F,retagep$.s Pgrjq{, (F}p,fqf!\ - Groundwqter Qu+l-itv. The Patuxent

Foirnation (fptx) contains soft-to very-hard water. Tota'l hardness values

range from 3 to 4 ppm at well #155 and well #ZO7 to 234 ppm at well #10.

This brroad range is presumed to be caused by variations in calcium and

magnesium carbonate concentration zones in the overlying, fossiliferous,
transgressive for*rations through which the vertically-percolating ground-

water must pass.

Specific conductance values range from 93 micro-mhos/cm at well #38

to 805 m'icro-mhos/cm at well #8, indicating highly-variabie'ion concentra-

tions throughout the Patuxent. Total dissolved solids also show a broad

range with values ranging from 136 ppm at well #171 to 753 pPm at well

#10. The dissolved ion concentrations of the Patuxent are consistently
higher than those of the "basement complex" below, and the Piedmont rocks

to the west.

Groundwater is slightly basic in the Patuxent. Hydrogen ion concen-

trations values (pH) are conunonly in the 7.0 to 9.0 range. Iron is not

usually a problem because most Patuxent well water values are less than

0.1 ppn, Chloride concentrations tend to increase eastward with the

highest value at well #10 (5aa pgn). Fluctuatisns of ch'loride values have

been noted in the Patuxent due to drought csnditions and the dissolution
of subsurface, Patuxent saline bay deposits. Fluorides, I ike chlorides,
generally increase eastxard with highest values at well #10 (8.5 ppm)i

hor*ever, local ized, high f'luorride values do exist.
Very little surface nitrate contamination reaches the confined

Patuxent aquifer, but nitrate yalues do increase in the surface outcrop

areas of the formation (well #315-13.7 ppm) (figure 7a). These values pos-

sibly at"e caused by manure, fertil izer, and septic fie]d contaminat'ion.

Late Cretaceous and Tertiary Periods (75 to 35 million years old).
The Late Cretaceous and lertiary sediments (tX) are greenish-gray, giau-

conitic, silty sands that were deposited during severai minor, marine trans-
gressions (pigure 7a and 7b). In the western Coastal Plain near the Fa11

Zone, the subsurface Cretaceous and Tertiary units usualiy are discussed

collectively, but in the east they are designated as the Mattaponi Forma-

tion (Tmat), its Mar'lboro Clay member (Tma), and the Naniemoy (Tn) Forma-

tions.
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The Flattaponi thins out on top of the Patuxent in the western part
of the Coastal Plain, with the greatest thicknesses (160 feet; 48.8

meters) noted in the northeastern portion of the county (Figur.e 24).
The l,larlboro Clay member is only a few feet thick and separates the
Mattaponi below from the Nanjenoy above. The Nanjemoy lies unconfor-
mably upon the llattaponi and has thicknesses of over 120 feet (30.0

meters) in the eastern margins of the County (Teifke,1973, P'late 9).
Both fonnations are fairly penneable and porous in their basal por-

tions, but grade into clays and silts upward.

The lower units of the lrtattaponi are very sirnilar in geohydrolo-
gic characteristics to the Patuxent deposits beneath them. The upper

units of the l'lattaponi are designated as confining units due to their
less-perrneable nature. These uBper units act as an aquitard and hin-
der recharge of the principal artesian aquifer (Patuxent).

The Itlarlboro Clay member is a key formatfon boundary noted through-
out much of the Coastal Plain and acts as a part of the confininE layer
(aquitard) between the principal and upper artesian aquifers.

The lower units of the Nanjemoy formation are very permeable and

consi,stantly contain moderate supplies of groundwater. (The name

Aguia has been used previously for surface exposures of the NanJemoy.)

This zone is referred to as the upper artesian aquifer in the eastern-
most part of the County where thicknesses and confinement allow ar-
tesian conditions to prevail. The uppermost Nanjemoy acts as a con-

fining unit and is eomposed of finer. grained silts and clay (Figure 25).

Late CfetacFoys "ald fqflifry - Groundwater Qua'lity. The lower
Mattaponi (Tmat) is the upper portion of the principal artesian aqui-
fer, with water quality very similar to the Patuxent. The less-per-
meable, upp€r Mattaponi acts as a confining layer with iittle or no

groundwater yield. This confining layer hinders the vertically-per-
colating groundwater that recharges the Patuxent, and thus increases
the groundwater renovation time.

The lower Nanjemoy (Tn) is the upper artesian system. Its chlo-
ride content increases eastward, but, overall, remains quite 'low. The
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ground!,ater is generally soft. Values for both the dissolved solids

and specific conductivity are low. Iron values are very 1ow. The

pH ranges from 5 to 7 or slightly acidic. Nitrates can be very low

(0.0 pgn at well #383) or high (57.6 ppm at well #382). High nitrate
values are probably the result of contamination from animdl wastes and

fertilizers. The upper HanJemoy is a confining unit (aquitard) ttrat

extends into the l,liocene clayey silt above.

l,liolene EPosh, (fJgye,I li,lt] (25 tp l,? mill ign vqars old). The

Miocene clayey silt (Tcs) unconformably overlies the NanJemoy' l4atta-

Foni, Patuxent, and Petersburg Gran{te fornations. These narine-

transgre5sive beds of clayey silt act as an aquitard or confining

unit over the upper artesian aquifer system (upper NanJemoy).

Thicknesses of the unit vary from 0 to 40 feet (0 to 12 meters) in

ea5tern Hanover County. Permeabiliti'es are Yery low in the clayey

silt, but porosity values are high due to the vast amount 0f intel'-
granular pore space in the clays and silts. Theref,ore, the beds

of clayey si'lt ventically recharge the upper artesian system at a

very slow rate. Owing to their porosity, thickness and extent'
they have a tremendous groundwater storage capacity.

Only very low yields (1 to 3 gpm; 3.8 to 11.4 liters per minute)

of domestic aroundr*ater can be obtained from the clayey silt especial-

ly in the upper portions of the unit. t;tells that tap the clayey silt
are I isted in Table .|0.

Miocgne Epqch (Claysy Silt) :,Groundwater Qualitv- Permeabi-

lities are very low in the Miocene clayey silt (Tcs). The slow rate

of vertical recharge through this confining untt causes a high degree

of filtration and chemica1 action. Water quality is increased nota-

bly upon percolation through this formation. Samples from wells in
the clayey silt general'ly show high quality water which is low in most

impurities with the possible exception of nitrates.
The upper c'layey silt unfts are part of the water table system

and produce high-qua'lity groundwater; but do have an increased risk
of surface contamination and drouEht-reiated shortages (Fjgure '17).



TABLE I O

llater l{ells Hhich Tap the
And Terti ary-Quaternary

Miocene C'layey-Sil t
Sands and Gravel s

SlrlCB tlel I Number

I03

194

r95

238

242

244

255

253

?64

265

?66

300

302

303

305

306

315

318

319

Total Depth

30'

50'

50,

50,

35'

39'

40,

40,

40,

. 40,

50'

50,

28'

2A'.

30'

42'

7A'

40,

50'

SI{CB Wel I Nunber

320

321

341

344

371

373

375

376

378

380

384

Total Depth

35'

23',

49,

38'

60'

50'

50'

30'

45'

30'

401

78



Late Tertiarv and Ouarternarv ('13 million vears o]d to-igqg$).
The Late Tertiary and Quaternary deposits consist ofsands and gravels

(sg) {Regressive Sedirnents) (Figure 7a). These regressive sands and

gravels have been called the Brandywine Formation (Brown' 1939), La-

fayette Formation (Darton, 191l ), and Columbia Group (Cederstrorn, 1957;

Teifke, 1973). The thickness of these post-l'liocene sands and gravels

increases eastward with more than 80 feet (24 meters) noted in eastern

Hanover County (Daniels, p. 29,1974).
The Late Tertiary and Quarternarysands anc! gravels (sg) are clean,

oxidized, unconsolidated, regressive sediments overlying the Miocene

clayey silt (Figures 7a and 17). They contain the upper water table

System and are the source for ilEst of the County's domestic and light
farming water supplies. The deposits are usually a'lluvium and chan-

nel fillings along with temace deposits. Many of the well,siare dug or

shallow bored wells with 36!'diameters (0.4 meters) and yields ranging

from 5 to 15 6Pl{ (18.4 to 56.8 liters per minute) .

Some springs are utilized as sources of groundwater and have

yields as high as 30 6PM (113.6 liters per minute). They originate
from the base of terace deposits on the banks of steep ravines (Ceder-

strom, 1957, p. S2). Due to natural inaccessabllity and risks of
surface contamination, most springs are not uSed. Drought conditiOns

can affect the sha'llow springs and wells located in the sands and

gravels. If a'large yield or continuous supply is neededn as for an

inJustry or municipality, it is recommended that a deeper well be

drilled into a more extensive aquifer.
Late Tertiary and Quaternary - Groundwater Qual ity. l{ost domes-

tic supplies tap the sand and gravel whfch make up this shaliow water

table system. Although this system contains high quality water (low

i n mi nera'l content) , i t occasional 'ly shows some evidence of possi bl e

organic pollution. The low mineral content 'is attributable to the

short time the water is in intimate association with the clean sands

and gravel s.

Quaternary - A'lluvium (Recent fime). Varying amounts of alluvial
deposits (al) are noted throughout the present drainageways in Hanover
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County (Figure 7a). The cornnon alluvial structures include natural
levees, alluvial fill, abandoned channels, and point-bar deposits,
each of which contains varying amounts of different-sized sediments
ranging from clays to gravels.

Quaternily,- Alluvium - Groundwater Quality. Alluvial (al) de-
posits are usually of such minor extent and thickness (l to l5 feet;
0.3 to 4.6 meters) ttrat they rrarely are capable of containing signi-
ficant groundxater supplies. The greatest thicknesses are usually
found next to an active drainageway with contamination a constant
threat. Healthofficials usua'lly advise against locating a well in such

an easily-contaminatable aqulfer (Figure 26).
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CHAPTER V

GROUNDI'IATER QUALITY

General

Groundwater qua:lity information is co1lected throughout the Cornmon-

wealth on a continuous basis by the staff of the State l{ater Control

Board. The quality information obtained enables the Board to keep close

surveillance on groundwater qua'lity fiuctuations and areas of potential
groundwater pollution. Background sampling is perforwred in order that
groundwater degradation can be ascertained. Al'l of this information is
correlated with other well data to enab'le more efficient grounduater F€-

source management.

This chapter will discuss the methods of quality data collection
and storag€n the chemical parameters tested for, and how the major
quality pararneters relate to the geohydrology of an area. Computer-

drawn contour maps of each maJor parameter for tha entire County and

for the major aquif,ers are provided.

Flanover County groundwater gual ity information was obtained from

newly completed, public-use well.s, State Health Departnent records, -
from past groundwater sampling by the State l.later Corttrol Board, and

fron ongoing Eroundwater sampling procedures carried out by the Pied-

rmnt Regional 0ffice. Many high-use wells, notably public supply and

industrial wells, are tested on a periodic-basJs. A'better understand-

fng of quality fluctuations through time and usage ,is, therefore,
acquired through the sampling program.

Groundwaterquaiitydata for Hanover County is stored on computer

by the State l{ater Control Board and is updated on a quarterly basis.
Sixty-three possible water-quality parameters are entered, with fifteen-
major parameters displayed on the quarterly print-out.

All groundwater quality infonnation is determined by standard, ap-
proved, chemicai-analysis techniques performed by the Connnonwealth of
Virginia Consolidated Laboratory in the Division of Environmental

Sciences. Parameters tested for in each State Water Control Board
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groundwater sample include: pH (laboratory), alkalinity/acidity {mg/]

as CaC0l), tstal solids (totat, volatile, and fixed), suspended solids
(total, volatilen and fixed), total organic carbon, f'luoride, chloride,
hardness-EDTA (mg/l as CaC03), nitrogen (total Kjeldahl), phosphorus,

armsnia (mg/l as N), nitrite and nitrate (mg/l as N), nitrite (mg/l as

N), sulphate, cadmium, iron, magnesium, manganese, sodium, potassium,

total coliforrn/'I00 ml-l{PN, feca:l coliform 100 rnl-lfPN, and conductivity
(micro-mhos/cm). A table of major parameters and their recomrnended

maxinum coRcentrations is provided (Table lt).
Almost all of the dissolved minerals found in groundwater are added

as the water percolates through the subsurface. A chemica'l equilibrium
is reached for each mineral as its ion concentration approaches satura-
tion levels. Temperature, pressure, and groundwater volume directly
affect this process. Many variables such as vegetatfon, anpunt of pre-

cipitatior, FH, geology, and formation composition a'lso affect ground-

water qual ity.
The usefulness of groundwater is rnelated directly to the kinds

and amounts of dissolved minerals, as well as the chemical characteris-
tics of the water. Groundwater usually contains only minor amounts of
dissolved solids and virtually. no bacteria, making it far superior to
surt-ace water in these respects.

The ion concentrations of the dissolved minerals are usua'l1y of
prime concern in a chemical analysis. The major properties of ground-

water that best reflect its overall quality are: hardnesso specific
electrical conductance, hydrogen ion concentration (pH), total dis-.
solved solids, iron (FE++), chloride (Ct-), fluoride (f-), and nitrate
(N03-). These are usually reported as milligrams per'liter (mg/l) or
in parts per mil'lion(lppm-one part by weight of the dissolved substance

contained in one million parts, by weight, of the solution).

M?ior Groun9water Qu?l ity Pa[amqters

H,ardness. This parameter refers to the soap-wasting properties
of the water. Equal quantities of both soap and calcium-magnesium ions
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present in the water must combine before soap suds can begin forming.
Dlssolved carbon dioxide in water enables the ionic dissociation of
llmestone and dolomites (calcium and magnesium carbonates). These sup-
ply the calcium and magnesium lons which cause most hardness. The re-
mainlng carbonate ions combine with the dissolved carbon dioxide to
forrn bicarfvonates. Calcium carbonate incrustation (scale) forms when

the carbon dioxide is driven off and the calcium and nagnesium ions
recombine with the carbonata ions, the amount of combining aluminun,
zinc, iron, manganese ions, and strontium are included to determJne

total hardness.

Hardness values greater than .|50 
ppm are yery noticeable. Values

greater than 200 ppm often make it necessary. to soften the water for
household use. It becomes very uneconomlcal to soften groundwater when

the hardness values are extremely high.
Hardness values for groundwater in Hanover County ranEe from very

hard to soft depending on aquifer and Jocation. The Pledmont rocks
genera'lly yield soft water. The overall tendency in the Coastal Plain
is for the groundwater to increase in hardness eastward, but beyond a

certain point the water becomEs softerr. In these soft areas the cal-
cium has been replaced by sodium (base exchange). This change can be

seen in Figures ?7a and 27b.

Grsundwater from most of the Piedmont rocks is fairly soft, with
many wells yielding water with ca'lcium and magnesiurn ion concentrations
far less than 60 ppm (FiEures 27a and 27c). Calcium and magnesium hard-
ness east of the Fal'l Zone increases in the basernent complex rocks as

seen in Figure 27b.

Groundwater from the Coastal Plain Cretaceous aquifer (Patuxent)

in the Mechanicsvil'le and Hanover Courthouse areas is fairly hard. Here

ancient evaporative bays and prograding deltas, associated with sea re-
gression, in addition to the overlying t'liocene fossi'liferous (calcium'

carbonate and aragonite) fonnations thr:ough which-the groundwater Fer-: '

colates, have helped to lncrease the calcium and malnesium ion concen-

trations in the groundwater (Figure 27d).
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Groundwater from shallow wells that draw from the Tertiary-Quarter-
nary sands and gravels and reach down to the Miocene clayey-silt has

very'low hardness values. Values below 40 ppm are not uncommon in
these transgressive-regressive deposits, with a noteworthy decrease in
hardness seen in the more shallow wells (Figure 27e).

tdells with the highest hardness values include: #117, 2'17 ppm at
Craney Island Estites and #119,332 ppm at B'lue Star Estates.

Specific .Con{Vctanqq. Specific "electric" conductance is the abi-
lity of groundwater to conduct electric current and is measured through

one cubic centimeter of the water sample. Chemically-pure water is a

good insultator, but any increase in the amount of dissolved minerals

will greatly increase the specific conductance of the water sample.

High values for specific conductance can indicate that corrosion of
iron and stee1 will occur. Two areas of highest specific conductance

are southeast of Poindexters and south of Atlee (Figure 28a) (well #8,

805 micro-mhos/cm and well #]98, 600 micro-mhos/cm). Computer-drawn

contours for specific csnductance values from the Piedmont and basement

conrplex rocks, Patuxent, and Miocene clayey-silt and Tertiary-Quaternary
sand and gravel aquifers are included on Figures ?8b-d.

Hydrqqen lon -goncentration (pH). An increase in the hydrogen ion

concentration (il+) causes the water to act like an acid and has a charac-

teristically 1ow pH value. Values for pH range from 0 to'14, with 0

being most acidic, 14 most basic (alkaline), and 7 representing a neu-

tra'l solution. Each unit of pH indicates a lO-fo'ld change in the hydro-

gen ion concentration.
Most groundwater has its pH controlled by the carbon dioxide-bicar-

bonate re'lationship. An increase in dissolved carbon dioxide makes the

water more acidic due to the production of carbonic acid. Any dissolved

bicarbonate wiil make the groundwater more basic (alkaline). The equi-

librium between these acidic and basic components determ'ine most ground-

water pH. Since carbon dioxide can escape rapid'ly from a water sample,

thus reducing the acid content, field pH tests are more accurate than

laboratory tests. In the Groundwater Quality Listing (see Appendix 3 ),
the high pH va'lues, found in State Water Control Board we'lls with low

listing numbers,relate to the loss of acid form'ing C02 from the samples
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before laboratory testing could be performed. In recent years, more

efficient equipment has enabled expedient analysis, and this gives

I ower pH va1 ues.

Common pH values for groundwater range from 5.5 to 8.5 (Figure 29a).

The most basic (h'igh pH) groundwater is noted at wells #8,8.0 pH south

of Craney Island Estatesi #76, 8.5 off Route 
.|56 east of Mechanicsvi'lle;

and #260,8.9 pH south of Newmans. The most acidic (low pH) groundwater

is noted in wells #314,4.5 pH just southeast of Taylorsville and #384'

4.9 pH on Route 54 just east of Interstate 95. Computer plots of pH

values for the Piedmont and basement complex rocks, Patuxent, and l4io-

cene clayey-silts and Tertiary-Quaternary sand and gravel aquifers are

provided on Figures 29b-d.
Total Dissolved Solids. The tota'l dissolved solids values refer

to the amount of disso'lrred (dissociated) substances contained in the

water and are obtained by evaporatinE the water and weighing the re-
sidue or by total'ing all of the ion concentrations. It is usualiy

disagreeable to use groundwater with greater than 1000 ppm dissolved

solids because of its taste and potential coryosive ability. Values

this high can damage well screens and other well components. It is
desirable t6 have water with less than 500 ppm dissolved solids to
insure satisfactory domestic and industrial use,

The total dissolved solids contour map of Hanover County (Figure

30a) shous values of 100 ppm or less in most of the Piedmont section.
Much of the remainder of the County has vaiues between 

.|00 
ppm and

200 ppm with the exception of the Poindexters and Atlee areas where

values from 400 to 600 ppn are noted. The wells with highest values

include: well #8, 555 ppm south of Craney Island Estates; #10,753
ppm at Craney island Estates; #47,453 ppn and 440 ppm south of Poin-

dexters; and #198,448 ppm and 466 ppm south of Poindexters. Contour

maps of total disso'lved soiids values for the Piedmont and Basement

Complex rocks, and the Patuxent aquifer, are provided on Figures 30b

and 30c, respectively.
Ifon,(qq+l). Iron is present in most water

above 0.3 ppm,staining of clothes and plumbing

crustation of well screens and pipes occurs.

supplies, but in amounts

fixtures, as well as in-
Some industries require
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the iron concentration to be less than 0.1 ppm. This value is sometimes

difficult ts achieve since the average concentration in groundwater

ranges from 1 to 5 ppn. Aeration usually can reduce this value to about
0.'l ppm. Physiologically, iron has no adverse affect on humans or ani-
mals. The human body actually requires 5 to 6 milligrarns of iron per

day.

Groundwater acquires iron fromseveral iron-bearinE minerals (bio-
tite, hornblende, pyroxenes, and garnets) during the perco]ation process.

Acidic and corrosive groundwater wil'l disso1ve the iron from we'll casing,
piping, and pump parts. Iron-bearing groundwater may be clean when ini-
tially pumped, but upon contact with the oxygen of the air, an iron
precipitate appears. Iron bacteria such as crenothrix f'lourish in iron
bearing waters producing pipe clogging precipitates.

The groundwater-qua1 ity contour map of iron concentrations (Figure

3]a) in Hanover County indicates lowest concentrations west of Ashland

and east of Montpelier in the Piedmont section, and at 0ld Cold Harbor

and northwest of Studley in the Coastal Plain. The most-concentrated
areas are near the Fall Zone, notably near Poindexters and along Route

I west of Lewistown.

Highest concentration we'lls include: well #.|8, 9.0 ppm at Inter-
state 95 and Route 556; #355,7.0 ppm at Interstate 95 and Route 802;

#197, '10.5 ppm and 4.97 ppm east of Borkey's Store off Route 606; and

#369, 2.40 ppm near Hylas. Computer-drawn contours of iron values from

the Piedmont and Easement Complex rocks, Patuxent and the llliocene clayey
silt, and Tertiary and Quaternary sand and gravel aquifers, are shown

on Figures 3lb, 3lc, and 31d, respectively.
Chloride (Cl-). Sea water contains about 19,000 ppm of chloride,

with rainwater and groundwater ranging from 1 to 5 ppm. Chloride amounts

of less than 150 ppm are suitable for most uses. Municipalities usual'ly
require concentrations less than 250 ppm, with 350 FFn being objection-
ab1e for most industrial and irrigation purposes. A disagreeable taste
occurs above 500 ppm. Livestock are ab'le to drink water containing up

to 4,000 ppm ch'loride.
Chloride 'levels in Hanover County are cornmonly between I and l0

ppm (Figure 32a). Highest chloride concentrations are noted in Craney
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Island Estates (well #10) with a va'lue of 544 ppm sampled in 1965.

Other high concentration wel i s i nc'lude: wel'l #l I 9, 320.1 ppm and 321

ppm near Laurel Grove Estates; #125,205.3 ppm north of Mechanicsville;

and #265, 103 ppm at Crogses Corner. The Coastal Plafn (Patuxent Aqui-

fer) yields some of the highest chloride values ('10 to 200 pprn). The

Piedmont rocks and saprolite consistently have values less than 10 pprn.

Computer-drawn contours of chloride values from the Piedmont and base-

ment complex r^ocks, Patuxent, and Miocene clayey silt and Tertiary-

Quaternary sand and gravel aquifers are on Figures 32b-d.

fluoride (F-). Fluoride in groundwater is usually derived from

the minera'l fluorite (CaF2) associated as a later-hydrothermal mineral

in cavities and joints in granites and pegmatites. Some fluoride nay

come from micas and clays that have frad (0H-) groups replaced UV (f-).
High fiuoride concentrations can cause mottling of children's teeth.
Mottling can occur at fluoride leve'ls above 0.8 ppn. Adults can tolerate
levels of 3 to 4 ppn without ill effects. Some fluoride is desirable
in the prevention of tooth decay, with 'l .0 pprn chosen as the ideal con-

centration.
Fluoride in Hanover County varies from 0.5 ppm to 8.5 ppm (Figure

33a). The highest-concentration areas ane north of Ellerson and east

of Atlee. Wells with the highest values are well #8, 3.4 ppm south of
Craney Island Estates; #10,8.5 ppn at Craney Island Estates; #12,

2.0 ppm southeast of Poindexters; #119, ?.6 pprn near Laurel Grove Es-

tates; and #125,2.6 ppn north of Mechanicsville. The rest of the

County, both Piedmont and Coastal Plain, have concentrations near

0.5 ppm. Computer-drawn contours of fluoride values from the Piedmont

and basement Comp'lex and the Patuxent aquifers are shown on Fjgures

33b and 33c.

Nitlgte (t'103:). Nitrate can vary greatly in groundwaters, with
little or no relationship to the surrounding geology or the groundwater

aquifer. Most nitrates are derived from the soi'l zone: nitrogen-fixing
bacteria, fertil'izer, manure, and plant debris.

Conientrations greater than 45 ppm may cause a toxic effect cal I ed

"cyanosis" 'in young infants. Cyanosis does not occur in older children

and adults. A maximum value of 45 ppm nitrate or l0 ppm nitrogen is
the healthful limit determined by the State Health Department.
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Nitrates in groundwater samples from Hanover County differ greatly.
The groundwater qua'lity contour map (Figure 34a) indicates highest leve'ls

at wells #264,46.5 ppm on Route I near the southern border of the Coun-

ty; #382,57.6 ppm west of Hanover Courthouse, and #386, 57.6 ppm near

Beaverdam. These high 'level s possib'ly are caused by septic tank drain-
field seepage in the vici:nity of the wells. Computer-drawn contours

sf nitrate values from the Piedmont and basement complex rocks, Patu-

xent, and Miocene c'layey si'lt and Tertiary-Quaternary sands and gravels

aquifers are shown on Figures 34b-d.

Concl usions

Groundwater quality in Hanover County is generally quite good

Several areas have unusually-high values of certain ion concentrations,
but these concentrations are rarely a health hazard and usually are

caused by the chemical composition of the subsurface aquifers.
It becomes apparent that the quality of all groundwater must be

maintained at its naturally-high standard. Groundwater pollution is
usually impossible to clean up, and, therefore, prevention of po'llu-

tion is the only viable recourse. The groundwater quality information
presented here should be utilized by the pub'lic not only to avoid

areas of poor quality groundwater, but also to familarize the public

with various kinds of natural and man-made contaminants affecting our

fragil e groundwater resources.
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CHAPTER VI

GROUNDWATER RECHARGE AND STORAGE

General

As partia'lly discussed in the chapter on geohydro'logy, groundwater

recharge is dependent upon precipitation, temperature, humidity, area

of recharge, vegetation, topography, soi'ls, rock type, and subsurface

geology. Precipitation and its infiltration (which is dependent pri-
marily upon the permeability and porosity of the geolog'ic formation)

are the most important factors affecting recharge. Generally, recharge

rates are rapid in high'ly-fractured rocks and permeable sands and gra-

vels,and very slow in unfractured rock and less-permeable clays and silts.
The groundwater-storage abil ities of the aquifers in Hanover County

vary greatly. Generally, aquifers of greater extent, thickness, permea- 
.r.. I

bil ity, and poros'ity have larger storage capacities than local ized, 1ess"o, '' 
,

porous, thin aqui fers.

Pi edmont

The saprolite cover has adequate permeability, but high intergranu-
lar friction, gFdin size variations, and van der t,{aal's forces impede

groundwater infiltration. Because of th'is slow recharge rate, ground-

water quality generally is 'improved after percolation through the sapro-

lite.
Storage capacities of the saprolite are dependent upon the volume

of interconnected saprolite cover. Deep saprolite covers can store
large volumes of groundwater and, thus, can be very resistant to drought

condi tions.
The consolidated, Piedmont bedrock usual'ly has either very rapid

or very slow recharge rates. These rates are dependent upon the exis-
tence of fractures and joint networks within the crystalline r"ocks. A

'large volume of groundwater can pass through a fault zone and its inter-
connecting fractures w'ith very little resistance from intergranular

'{"
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friction and van der hlaal's forces that would be present in unconsoli-
dated seciiments.

Groundwater storage in the Piedmont bedrock is limited to the total
volume of the interconnected fractures and joints. These features are

usually of limited extent and can dry up completely in times of severe

drought.

Coastal Pl ai n

The surface-water tables in the Coastal Plain recharge rapid'ly as

precipitation falls. But due to their thin, localized extent (small

storage), they often !o dry in times of drought. During droughts,
groundwater qual ity can become poor due to ion concentration fncreases

in the decreasing volume of water.
The artesian aqui fers, both upper and princi pa1 , rece'ive I atera'l

recharge from the western outcrops of the formations themselves and

vert'ical recharge from the highly porous (large storage), 1ow permea-

bility (1ow yfetd) clays of the upper, confining units. Lateral re-
charge is rapid on.ee the grnoundwater has entered the highiy-permeable
artesian aquifer. Vertical recharge is very s'low, but the iarge areal
extent of the artesian aquifers enables vast amounts of groundwater

recnarge.

Artesian Aquifer Recharge (Patuxent Formation). The procedure

used to determine the recharge of an artesian aquifer is complicated
and many factors must be ccnsidered. A simplified explanation of this
procedure for the Patuxent Formation (principa'l artesian aquifer) in
Hanover County wili be developed be1ow.

As noted in previous chapters, 'infiltration of precipitation is
the sole source of groundwater recharge. Total recharge into an ar-
tesian aquifer can be separated into its lateral and vertical compo-

nents. Figure 35 shows the zones of lateral and vertical recharge in
an artesian aquifer cross section.

Lateral recharge is supplied through the outcrop area of the for-
mation. The Patuxent outcrop area equals 4.32 square miles or .l.2 

x

108 square f,eet. Rainfall in this area averages 42 j'nches or 3.5 feet
per year. It is estimated that 80% of the rainfall goes to runoff,
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vegetation, and evaporation, with ?0% recharginE the groundwater supply.

Thus, 8.4 x .|07 cubic feet or 6.3 x .|08 gallons of water are available
to infiltrate the outcrop area each year. A great portion of this water

is available then to enter the confined portion of the aquifer (verti-
cal recharge zone). The water constantly is migrating downdip into the

confined portionofthe aquifer. This migration (lateral recharge) and

its rate are restricted by the volume of water already in the confined

aquifer, the friction and physical forces associated with intergranular
movements, and the thinnest section of aquifer through which the water

must pass (Figure ZU).

The vertical recharge occurs over the confined surface area of the

artesian aquifer. The extent of this surface for the Patuxent in Hano-

ver County is 205.44 square miles. Rainfall in this area averages 43

inches or 3.58 feet per year. Again, it is estimated that runoff,
vegetation, and evaporation take up 80% of the rainfall, with 20% re-
rnaining to infiltrate downward. Thus,4.l x .|09 cubic feet or 3.05

1nx l0lu gallons of water are capable of percolating downward each year.

However, the confining formations hinder the vertical infiltration be-

cause of intergranular friction and physical forces acting on the water

in the clay layers. The tested hydraulic conductivity values for these

confining layers are notably 1ow (l-5 gpd/f$lfil and the vertical
recharge water finally'enters the principal artesian aquifer at a yearly
volume of less than l% of the amount available for infiltration.

Artesian Aquifer Storaqe (Patuxent Formation). In order to esti-
mate the total storage capacity of the principal artesian aquifer, it
was necessary to interpret thickness data contained in Brown's report
(197?) and shown in Figures l8b and l8c of this report. From these

data, the volume of the Patuxent Formation was calculated to be 
.|.4 

x
1al0'a cubic feet. it is estimated that 35% of the format'ion is pore

space capable of containing water. Thus, total estimated groundwater

storage of the Patuxent Formation in Hanover County is 4.9 x l01l cubic

feet or 3.67 x 1012 gallons of water. Since onl y 6% of this total
volume is believed recoverable, total groundwater available from the

confined Patuxent i s 2.2 x l0ll gullons.
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Concl usions

Storage values for the Piedmont section of the County are difficult
to estimate. Any prediction for future availability and development in

the Piedmont must be a tentative one at best.
The storage figures for the Patuxent indicate a vast supply of good

quality groundwater available in the Coastal Plain portion of the County.

There also exists a great potential for future development of the upper

artesian system.

ZONE OF
LATERAL
RECHARGE

zof{€ oF
VERTICAL
RECHARGE

JA I UrrA I IL,.I\I SATURATED zoNE

Figure 35. A schematic showing a subsurface cross-section of dre Patuxent Formation
and zones of lateral and vertical recharge.

SOURCE: STATE WATER CONTROL BOARD - PRO

I rnrexe 
I

-
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CONFINING UNITS
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SATURATION
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CHAPTER VII

GROUNDWATER DEVELOPI4ENT

General

Any development of Hanover County's groundwater resource is limited
by the groundwater availability, well construction and operation costs,
and the water use. The availability of groundwater has been discussed

in the geohydrology section of this report. The economics of well

construction vary with well depth, geology,..and location. The various

groundwater uses dictate the yield and quality of water desired.

lrlell- Conitruction and gost (.l978). Most shallow Piedmont weils tap

the saprolite (less than .|00 feet deep). They usually are bored wells
of 30-inch diameter and cost from $6 to $8 a foot. Concrete cas'ing and

grout usually are required by county and state health regulations.
Deep wells in the Piedmont are usually six-inches in diameter and

attempt to tap the bedrock fractures beneath the saprolite. The sapro-

I ite section of a deep we1'l is usual'ly steel cased and grouted. The

hardrock portion must be drilled, commonly with an air hammer. No

casing is used for the rock section of the well. Bedrock dril'ling costs

range from $7 t.,^::O.O:",foot, with an additional $5 to $7.S0 per foot
for casing and $300 total charge for grouting.

Shallow Coastal Plain wells are usually 30-inches in diameter,

have a concrete casing with grouting, ancl cost approximate'ly $6 to $g

per foot. A 400 foot-deep, six-inch steel cased, artesian well in the

Coastal Plain, with 20 feet of screen and gravel pack, wjll cost appro-

ximately $.|0,000 to $12,000. These deep artesian wells are the largest
and most dependab'le producers in the County.

Groundwater Use

Groundwater in Hanover County 'is used primari'ly for domestic, in-
dustria'l , commercial , agricultural , and pub'l ic supply purposes.

Domestjc use includes both ind'ividua'l household wells and the pub-

1ic supply wells of the many subdivisions in the County (figure 36).
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0f 42.| wells on record at the State Water Control Board, some 235 (55.8%)

are individual househol d wel I s; 75 wel I s are pub'l ic-supply-subdivision
wells {17.8%). The ga1'lon per day pumpage information for Hanover County

subdivisions is listed in Table .|2.

The industrial and commercial usage is unknown at this time due to

the lack of complete information. The numbers of commercial and indus-

trial wells reported to the State Water Control Board are l9 and 52,

respectively. Major groundwater using industries in the County inc'lude

Fiberlay Corporation, Fearnow Brothers Cannery, Feldspar Corporation,

Richmond Food Stores, Southern l4aterials, Mobil Chemical, and Burroughs.

Publ ic use wel I s incl ude school s, publ ic offices, and parks. These

wells number 28 on record and are mostly associated with schools. A de-

cade ago, the Town of Ashland abandoned its well system for a surface-
water fac i'l i ty.

Total groundwater usage in Hanover County can best be estimated

from population and housing information, exclucl'ing industrial , cornmer-

cial, and agricultural use. The estimated population figure for .l978

is 60,000. The Town of Ashland has some 6,'100 people who are usfng

surface supplies and about 53,900 people using groundwater. If the

estimate of 58 gallons per day of water use per person is accurate,
then 3,126,200 GPD of groundwater are used. Computed another way, there
are 15,900 single family houses in the County. If there are approximately
3.4 peoBle per house and each person uses 58 gallons per day, then

3,'|35,480 GPD of groundwater are used. These figures indicate that
approx'imately 1.'14 x '109 gallons of groundwater are used in Hanover

County each year.
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llame of Subdi vi s i on
or Water Svstem

Aspen Hill s

Avondal e

Brandywi ne

Diane Ridge

Georgetown

Hanover Heights

Highpoint Farns - Part #l &

#?

Holly Ridge

LeReve Manor

Mechanicsvill e Sanitary District

Oak Avenue #3

Barnette Avenue #4

Arnoka Road #5

Battl efi el d Fanns #6

Beaverdam Park #7

Oak Hill Estates #2

#4

#5

Sinclair Manor #i

Stonewal I Estates #1

Strawhorne #l

Totopotomoy #2

lrlal nut Grove #l

TABLE I 2

SWCB b{e]l Number

r42-4e (#r )
142-218 (#2)

142-7 (*r 1

142-210 (#2)

142-438

142-201

142-423

142-258

r42-38 (#1 )
142-220 (#2)

1 42-?79

142-412

I 42-1 25

r4?-1 23 & 124

142-440

142-2A0

142-76

142-4A

I 42-1 54

142-261

142-225

142-260

1 42-2?1

'r42-l 96

142-?27

Pumpage (GPD) for 90 days
(l 2-3.| -77 ta 3-31 -78 )

23,81 I
no reading

40,887
127 ,539

5,799

no readi ng

5,1 g0

g,849

4,854
no readi ng

2,900

5,513

54,239

65,924

no reading

35,339

8,343

?,953

no pumpage

3,.| 93

55.5

I I ,005
.| 

0, 550

5g,880

9,.| 634ffi
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Forn €W,l
tStt-torg@

Stet. Wet+Contrlrl 8o.rd
P. O.8or 11143
2llt North t{rnilton St.
Sichrao.d, Vr. 2ll2Hl0

COMMONWEALTH OF VI RGINIA

WATER WELL COMPLETION REPORT OBWCM No.

( Certificati on af Comptetion /Counry Permi t)

Caunty/Ciry Semp

oV\lell Deaignetbn or Numbcr
Addrssr
Phon:

rOrifling Contractor
Addrss
Phone

W€LLLOGATION:__-:(fect/nibr . - . . dinctiorlot
and fcer/milet_(directionl of---{lf possiblr pleu includc msp thowing tocation mark€dl

Dete rtaned . Dsu comotct.d -Tvpo

r Vi€inia Plafl€ Coordiaetar
N

Lariardc& LorqEitsdr

rliYatar An.ly!i:

'Aquifer Talt

'T@o. Mo No.
.Elcvetioo 

-n

.Formarion

. Lirhologr,
oRiver SaJn
.Provirrc!*.Typc Los.--*
.Cutrings.

aOwner

l. WELL DATA: New_Rcworke{_*_ Ocapened
' rTotat @th

.O€pth to bldnnl

oCa:fng gi:c (1.O.) and raaterial
a incher from

'Hole sira {Alto irclsde re€mrd aoillrt}
o inchgr frorn to tt.
a inchs! frqn to ft.
o inchal from to ft.

?. WAIER OATA o Watu tenperaffrre
.Static wat€r lwel (unpurngd ltvcl.rncacrrtdl
.Stabilazrd mea$r€d pumping wetlr lcvsl

'$tabilizrd yield _ gpin alrar
Natural Flow: Yer , , No* flor rgte: E grn

hourt

Cornnrot on quatity

oF

tt.
tt.

ft.
f!,

3. WATER ZONES: From To
From To . From To

_ Wt. pcr foot _ or wetl thicknes

'-inchag from 

- 

to
Matorial

Frorn lo
4. USE OATA:

Frorn To

Type of u:e: Drinking Livestock Wetering ,

I rrigction 

- 

F ood procas.irig-, Hourehsld
Manufucnrring Fire satcty*, Claaning_,
Recrearion_, Agth€tic Cooling or hcering_,
Iniection*,Othcr ,, , , - , ,

oTt4re of ftilitv: Dorncstic_. Public vratrr !u9ply_.
Public instituridl 

- 

Farm- , Induttry
Cornnrcrcial _, Other

5. PUMP gA?A: Type_ tfiatnt H.P.
olntskq deprh tcapaciry ar hcad

6. WELLHEAD: Type, well ssal _
Prsstrs tank _ gal., Lac.
Sarnple tap_, M€aflrr€fient Port
Well \renr , Presrrt rcli.lf valve
Gate valw Chcck votua {wtun requiredl
Elsctrical disonncct sryitch on powar rttpply

7. OISINFECTION: Well diiinf€ctGd_ y€. no
Data _, Oirinfectant used
Amount , Hour: used

8. ABANOOT{MENT (wtrero gplicablr} . ycr..,.+_rlc,
Cacing pull€d yas_ no-- not ryglic$la

fr
Materid

tGravel pack
.From

oMelh siEE
a
.M€rh rita
a
. Meih sizE
o inches from
.M€rh sia

irL
fr.

t/Yt. per foot or wall thhknclg
. inchet from to#

Matarial

in.
ft.t

Wt. per foot or wall thicknrii
o$cree[ siee and rn€ih for esch eone {whcrc €ppliaabld

inch€s from

in.

ft.

-TYpe

inchec from 

-3o

Tvpc
incher from ro _ft.

fvpe 

-

ft.

Tvpe

. From
k

to
to

ft.
ft.

.Grout
aFrom t0

to

ft., Type

ft, Type

I-2
OVER

SIICB Parmit
Cainty

ffication of inlprcting official:
Thir tocll docl- docr not
mast cgdc/ low. r€quirofl!€ata
s.
Date

Fw Otria U*

ClarsWell: | .llA
ilB ,iltA ,iltB

. From

ft.

Plugging grour From ----lo-nratrriel



Qwnc EllIGil No.

9. St ts law rrqrirG $btnitting to thc Vi|ginit Strr6 !t tar Control Scrard inforrnation abour groundwater and vrrllt for cvcry ndl mrda in dtf St.c
intrnfid.tor raotlr, 9l anv othor norb.xattrpt !wll..Thir iotomt.tion nrurt br submittld whcih.r thc vrr.ll is conrplad. onstendly, or abrndon*L
Inforrnrrion rrquirud includar: .n. aeqrral.ly ard cornplittty pr€parld w.tar well compl.tion rcport. full chta frorn d|y aquirar nlrlpiilE tgtt, drill
cu$i.gr t kan at trn foot intlrrali {unte!! exerrption ic saarqdf , thr r$ultr of any chemical analyr6, artd copict of aaV gcoptrVcid logr O|rafitrly
puopaga ard uat tlpott3 at rcquirad frorn ownrn ol gudic rsflV .nd indusrial rnalls. County or Statc permir to €t.ill mai Ut riqriirrO in romr prnr oi
thr itats. Sotil corntirr rsqsirr srlbrrilrion of a nator r^r.lt cimjlation rrgort. Thr Virgina. brato Heatin D€p.rrnr.nr rrquira aryar$ t/wtl eaiptction
repon for public $rpgly tlElt!.

10. OitLLEnS LOG {ure addiriond Shr.$ it oocu*ryl

From To

State Water Conrol Board Regioerd Offica: 13.

V.rlcy R.9. Otf.
I l5 Nofth MEin strlat
P. O. 8ox 268
Iridg.ratar, Va. 22E12
703.828-2593
Soutnw.3t RalL Otf,
408 Ertt Main Stralt
P. O. Bor 476
Abingcton, Va.2421O
703-529.51 E3

weit Canttat R.9: Olt.
€xacutlvr Part
5306 A Pct€'t Crr.k Rord
Ro.nok€. va. 24O19
703.563-O354

Wbll lot d.dic.t€d? _; Siza _ ft- X

(with dirnrnrionrl

DEPTH

ft.; Well houca?

Pfadrnont R.9. Ott.
40lo w.rt Iro.d sF.at
F. O. 8or 6616
Rlchrflond. va. 23230
804.257-lO06
ti.t.watrr Rag. Oft.
2ET Prmbrak. Ottlcr F.rk
suit. 310 p.mbroka No. 2
Va. Br.ch, va. 23462
no4.499.€742

Norttrarn Virgrnia Rag. Olf.
3515 C[.rokre AY€nu.
Suit. 4O4
Af.tand.ia, V..22312
703.750-91 1 1

{Well driller or anthorizad prrronl

1rl.

Dirtancr to neirat pollutant rour€{t_ ft., Typr
Oistancc to nranrrt prop€rty lin. ___ ft., EuildirB ,ft.

I csrtify rhat tha intottnation contain d hararn i3 truc and corrls! afid ttEt this wrll
and/or ryttcm har b€€n ifttdlcd and conrtilcEd in *cordlro dth thc reuiremanB
tor uoll con$nrction as rpacified in colrpliancr wirh eproprilta counry or in{gg€nclgng
crty ordiftrnc$ and the lam and rul€| of the Comrnofiwellth of Virginia.

{Seall. Dfle

I rt"
I

REMARKS I Drillino
ffir,rrr.
kdcn, coc., *rot. (.tel

Signature

Licerue No.



FORH GTJ-5aA w@
CO}TI{ONUEALTTI OF VI RGINIA

STATE WATER CONTROL BOARD

P. 0. Box lllq3, 2lll North Hami lton Street
Richmond, Vi rginia 23230

Phone (804) 770-l4ll

APPLI CATI ON AI{D REPORT

ffiIfi'DdFfiEilT-or wnTEffilt-
(For use in al I groundlater areas)

, , , r, 1,,.

(card 28)

I. APPLICATION##

O,tl{ER:

ADORESS:

r-20

- 2l'60
UELL LOCATION:

O,vner herewith appl ies to abandon (check whi ctr) temporari ly ( )dor
permanently ( )6anis water well identified by:

l. Application and. Pennit to Construet a Uater !/ell numb"t .--.*,
Z. Certi f icate of Groundwater Ri ght nunber 

------:-"7.16*
lf (l) and (U) above are not applicable, cornplete the folloring

g tatefflent:

I'tAxlltutt DAILY IJITHDRAWAL OF GROUNS/ATER tt ,rrr,rn 6ALL0NS.

(Card 29)

USE TO ICHICH GROUNDb'ATER WAS ,APPL I ED:

TOTAL DEPTH OF WELL: FEET.
l-4

EXACT DATE ON I/TIICH ASANDONMEHT WILL BE DOI{T:

--5-roltoTE: l. Appl icant shal I furnish a sketch of wat,er wel I and indicate
proposed procedures and materials to be used in abandontrBnt.

2. Abandonment shal I conform wi th I I I F, rrstandards for ldeter
l.Jel lsr', pub I ished by the Board.

APPLI CATI OH APPROVED BY :

-- 

tt-ro

T
DATE:

I-4



(card 30)

I I. RSPORT:
Orner certifies that abandonment was in accordance with rrStandard: for

Water l'Jells" and any further specifications of the Board.

tJater welI removed from service temporarily ( )l or Pennanently ( )2

s * (date).w
S I GNATURE:

OATE:

--3i'36INSPECTION OF AEANDON}IEHT (Card 3I)

I NSPECTED BY:
t-t5

. TITLE:

-_B:E
DATE OF INSPECTION:

COH},IENTS:

26-31

COPY SENT TO DEPARTHE}IT OF HEALTH BY:

DATE:

----_=32-505l -56

r-3



FOR}T GLJ-6
L2n3 s,aOA

QUARTER OF YEAR

tz34
(Circle One)

COMMONWEALTH OF VI RGINIA
STAT€ WATER CONTROL BOARD

P. O. Box 11143, Bichmond, Virginia 23230
Phone (804) 786-1411

GROUNDWATER PUMPAGE AND USE REPORT
-Required Quarterly'

(For us in all groundwater areas)

I . GENERAL:

a. OIIN€R OF

ADDRESS:

NAI,I€ OF

LOCAT I ON

I.IELL/SY STEil:
PHONE:

b.

c,

WELL/SYSTEH:

OF WELL/SYSTEH: COUNW/C ITY

II. I,JELL DAT,A:

OTCNER'S WELL SI.JCB UELL
IO€NTI F I CAT ION NUI'IBER

This forrn submitted for (a)
of water wells (tist vrater r;TT-G)
is pumpage for that water wel I or

an individual water well, or (b) 

- 

a system
below: TOTAL 0R ESTII'iATED PUHPAGE below

that system only).

PUHP I NG

LEVEL
STATIC WATER

LEVEL
--'-r.rr.-..r+

TOTAL
D€PTii

0F t,ELL
DATE OF

cot'tSTRuCT | 0N

I I I . SYSTEI'I AND PUHPAGE INFORI'IATION

a.
b.

il PUBL IC b/€LL/SYSTEI'1, SERV ING

( ) TNDUSTRTAL WELL SYSTEH

WATER APPLIED TO WHAT USE

CONNECTIONS, OR

PREV I OUS I,IETER REAO I NG:

CURRENT I'IETER READ ING :

TOTAT PUI'IPAGE

OATE:
DATE:

GALLONS. AVERA6E PUI-,IPAGE

I*ote: To obtain average pumpage, ,Jivide total gallons by nurnber of pumping

days or minutes.

IF l,JELL/SYSTE}T I5 NOT HETERED, ESTII{ATED AVERAGE PUI'IPAGE IS GPD.

Note:

Tl:ll S

Estirnated pumpage for public sys[em = connections x 320 gpd.

REP0RT COVERS fHE PERI0D FRirM

GALLONS PER DAY

GALLONS PER MINUTE

TO

(date)

OATE SUBI'I I]TED I-6 S I GNATURE:
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APPENDIX IV



ALLUVIUM:

AIIPHIBOTITE:

APATITE:

AQUICLUOE:

AQUIFER:

AQUITARD:

ARTgsrAil AQUIFER:

ARTESIAN }IELL:

BACK SI{AI,IP DEPOSITS:

GLOSSARY OF TERMS

A general tenn for sediments deposited during
recent geologic time by a stream or other body
of water.

A crystalloblastic (metamorphic) rock consis-
ting mainly of amphibole and plagioclase with
little or no quartz

A group of variously colored hexagonal minerals
consisting of calcium phosphate together with
fluorine, chlorine, hydroxyl, or carbonate in
varying amounts and having the general formula:
Ca5(POa, C03)g(r, oH, cl ).

A geologic formation, group of formations, or
part of a formation, which is not perrneable
ercuEtr, to transmit groundwater, nor does lt
contain water

A geologic fonnation, group of fonnations, or
part of a fonnation capable of supplying water.
to wells and springs in usabl e quantities. An
aquifer is unconfined (water table) or confined
(artesian) depending on whether the groundwater
level is at atmospheric pressure or greater
than atmospberic pressure due to the presence
of an overlying, confining geologic forrnation
(aquiclude or aquitard) .

A formation that partially restricts groundwater
flow, but will not yieid water to a well.

A confined aquifer in which groundwater rises
in a well above the point at which lt is found
in the aquifer.

A well in which the water rises under artesian
pressure above the top of the aquifer the well
penetrates, but does not necessarily reach the
land surface.

Thin layers of s'ilt and clay deposited in the
flood basin behind the natural levees of a
river or distributary.

The division plane in sedimentary or strati-
fied rocks which separates the individual
i ayers, beds, or strata.

BEDDING PLANE:
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EEDROCK:

BIOTITE:

CALCITE:

CAPIUARY FRING€:

CATACLASTIC TEXTURE:

CEfiIENT:

CHANNEL DEPOSITS:

CLASTIC ROCK:

CLAY:

COLI FORI'I:

CONE OF DEPRESSION:

Any sol id rock exposed at the surface or over-
lain by unconsolidated materials.

A generally black, dark brown, or dark green
rock formlng mineral of the mica group:
K(Mg, F"*z)i (Rt, re+3)Si3qo{oH)i.

A commn, usual'ly white, rock forming mineral'
consisting of calcium carbonate (CaC03)

The zone of partial or compl ete. saturation
directly above the water table in which water
is held in the pore spaces by capillarity.

A texture in a dynamically metamorphosed rock
produced by severe mechanical crushing and
differential movement of the component grains
and characterized by lranular, fragmentary,
deformed, or strained mineral crystals flattened
in a direction at right angles to the mechanical
stress.

Chenrical ly preci pitated minera'l material that
occurs in spaces among the individual grains
of a consolidated sedimentary rock, thereby
binding the grains together as a rigid, cohe-
rent mass.

An alluviai deposit 'in a stream channelr eSp€-
cially, one in an abandoned cutoff channel or
uhere the transporting capacity of the stream
is insufficient to remsve material suppl ied
to it.
A consol idated sedimentary rock composed of
broken fragnents that are derived from pre-
existing rocks, e.E. sandstone, conglomerate,
or shale, etc.

A rock or mineral fragrment or a detrital par-
tlcle of any composition often a crystalline
fragment of a clay mineral, smaller than si'lt
having a diameter of less than l/255 rrn.

Designating, of, or like the aerobic bacillus
normally found in the colon.

A depression in the potentiometric surface of
a body of groundwater that has the shape of an
inverted cone and develops around a wel'l from
which water is being withdrawn. It defines
the area of influence of a well.
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CONFIIIIN6 B€D:

CONFINED ilATER:

CONSOLIDATED:

CONTOUR (Topographic ) :

cR0ss-sECTI0N:

DARCY I

DELTA:

DIABASE DIKE:

DIP:

DISTRIBUTARY:

A bed which overlies or underlies an aquifer
and whJch, because of iow permeability relative
to the aquifer, prevents or impedes upward or
downward "loss of water and pressure. An aqui-
tard or aquiclude.

Water under artesian pressure. Water that is
not confined is said to be under v{ater table
condltions.

A rock that is firm and rigid in nature due to
the natural interlocking and/or cementation of
its mineral grain components. The reverse is
unconsol idated.

An imaginary line or surface along.which a cer-
tain qiantily, otherwise varible, has the sa$e
value, 9.9" an elevation'line, structure contour'

A diagram or drawing that shows features trans-
sected by a given plan; e"9. geologic features
such as geologic structure.

A standard unit of permeabili!y' equiv-alent.to
the passage of one cubic centimeter of fluid
of one centipoise viscosity f'lowing-in one
second under a pressure differential of one
atmosphere through a porous medium having an

area of cross-section of one square centimeter
and a length sf one centimeter.

The Io$, generally triangular shaped,.nearly
flat, alluvial tract of land deposited at or
near the mouth of a river.

A tabular iqneous intrusion made of labradorite
and pyroxeni that cuts across the planar struc-
turei-of the surrounding rock.

The maximum angle at which a rock bed is in-
clined from the horizontal.

An irregular, diVergent stream flowing away from
the main stream and not returning to it, as in
a del ta or on an al'luvial Pl ai n .

The depression of decline of water level in a

pumped'well or in nearby we'lls caused by pump'ing.

it is the vertica'l distance between the static
and the pumping levels of the we1l .

DRAI'IDOUN:
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EROSIONAL
UI.ICONFORMITY:

ESTAURI N[
DEPOSITS:

EUTECTONIC:

EVAPOTRANSPIRATION:

F:AULT:

FLOOD PLAIN:

FLUV i.dL:

FOLIATION:

FORMTION:

GEOHYDROLOGY:

GLAUCONITE:

An unconformity made manifest by erosion, or a

surface that separates older rocks that have
been subjected to erosion from younger sed'iments
that cover them.

A sedimentary deposit laid down in the
end or the widened funnel -shaped tida]
a river val1ey where freshwater mixes
measurably dilutes seawater and where
effects are evident.

seaward
mouth of

with and
tidal

Gradua'l structural movements in the earth's crust
noted by broad uplifting or subsidence in a region.

The combined discharge of water to the air by
direct evaporation and plant transpiration.

A fracture or fracture zone along which there
has been movement of two rock masses relative
to one another parallel to the fracture. The
rnovement may be a few inches or many miles.

The strip of reiatively-smooth land adiacant
to a river channel and bu'ilt of alluvium car-
ried by the river during floods. The fiood
plain is covered by water when the river is
in flood.

0f or pertaining to a river or rivers.

A general term for a planar arangement of
textura'l or structura'l features in any type
of rock.

A field-recognizable unit of Eeologic mapping
consisting of a large stratum of some one kind
of rock or a recogn'izable sequence of rocks.

Referring to the hydro'togic or flow character-
istics of subsurface waters in relationship to
geology. (syn: groundwater hydrology)

A du11 greeno amorphous, and earthy or granu-
lar^mineral of the mica group: (K, Na)(A1,
Fe+r, Mg)z(nt , si )qot o(oH)2.

A fol iated rock formed by regional metamor-
phism in which lrands or lenticles of granular
mJ neral s al terna te wi th bands and 1 entic'l es
in which minerals having flaky or elongate
prismatic habits predominate.
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GPO:

GMVEL:

6ROUN[)}IIITER:

HORNBLENDE:

HYORAULIC
CONDUCTIVITY:

HYDRAULIC GRADIENT:

HYDROGEOLOGY:

HYDROLOGY:

HYOROSTATIC HEAD:

INFILTRATION:

IG$IEOUS ROCKS:
(Basenrent Rock )

IITPERI'!EABLE:

INTERSTICES:

Gallons per day.

An unconsolidated, natural accumulation of
rounded rock fragments with a diameter Ereater
than 2 mm.

Water beneath land surface in the zone of sa-
turation and below the water table

The conrnonest mineral of-the amphibole group:
Ca2Na (l'tg, ps+2 )4 (Ai , Fe+3 , Ti ) (Al , si )8
a22(a, 66 )e

The permeability coefficient; the rate of flow
of water in Eallons per day through a cross
section of one square foot under a unit hydrau-
lic gradient, at the prevailing temperature or
adjusted for a temperature of 60oF.

In an aquifer, the rate of change of pressure
head per unit of distancE of flow at a given
pint in a given direction.

The science that dea'ls with subsurface waters
and related geologic aspects of surface
waters.

The science that studies the waters of the
earth.

The height of a vertical column of water,the
weight of which, if of unit cross section, is
equal to the hydrostatic pressure at a point;
static head as appl ied to water.

The flow or movement of water into the subsur-
face soil and rocks.

Rocks fonned by the coolinE and crystallization
of molten or partly molten material.

Having a texture which does not al'low percep-
tible movement of water through rock.

The openings or pore spaces in a soi'l or rock
formation . In an aqui fer, they are f il'l ed
with water.

Refers to igneous rocks which have pengtrated
into or between o]der rocks whi'le molten but
have solidified before reaching the surface.

t-
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LEVEE EEPOSITS:

FIARL:

METAMORPHIC ROCKS:

METAVOLCANICS:

MUSOOVITE:

NONFLOI,IING ARTESIAH
HELL:

NORHAL FAULT:

OROGENIC:

PERCOLATION:

PERI'IEAEILITY:

POINT BAR DEPOSITS:

POROSITY:

POTENTIOIqETRIC
SURFAC€:

An electrically charged atsm or group of atoms.

A stream derposited enbankment along a river or
watercourser.

A general term for unconsolidated deposits com-
posed of c1ay and calcium carbonate.

Any rock derived from pre-existing rocks by
rnineralogical, chemical, and structural changes,
essentially in the solid state, in response to
marked changes in ternperature, pressure, shearing
stres$ and chemical environment at depth wlthin
the earth' :; crust.

Metamorphosed vol canic rocks.

A miner:al of the mica group: ltAl2(Al , Si3)
or o(oH) z.

An artesian wel'l in which the head is not suffi-
cientto raisewater to the land surface at the
well site.

A fault in which the hanging wall appears to
have moved downward relative to the footwall.

Pertaining to the process of formation of moun-
tains.

lrovement o'F water through the interstices of
rocks or soils except movement through large
openings such as solution channels.

The abil ity of a rock to transmit water per
unit of cross-section.

Series of 'low, arcuate ridges of sand and Era-
vel developed on the inside of a growing mean-
der by the slow addition of individual accre-
tions accompanying migration of the channei
toward the outer bank.

The ratio of the volume of the openings in a
rock to the total volume of the rock.

An imaginary surface representing the static head
of groundwater and defined by the level to which
water will rise in a well.
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PROGRADATIOML OELTA:

RECHARGE:

REGRESSIVE:

ROCK:

RUNOFF:

SAND:

SCHIST:

SEDII'IENT:

SEDIMENTARY ROCKS:

SILT:

SPECIFIC CAPACITY:

STATIC I{ATER LEVEL:

STRUCTURE:

A delta built forward or outward toward the sea
by river deposition.

fhe addltion of water to an aquifer by natural
infiltration or artificial means.

Said of'deposits laid down during the retreat
or contraction of the sea from land areas.

Any naturally forrned, consolidatedr or uhcon-
solldated material (but not soil) cornposed of
tr*o or more minerals, or occasionally of one
nineral, and having some degree of chemical
and mineralogic constancy.

That part of precipitation that appears in
surface streams

A rock fragment ranging in diameter from 'l116
to 2nrn.

A strongly foliated crystalline rock forrned by
dynamic metamorphism.

Solid, fragmental, weathered rock material
born and deposited by water.

Usually-stratified formations consisting of
products of weathering by action of water,
wind, ice, etc. (i.e.r sofld, sandstone, clay,
shal e, etc. )

A rock fragrnent or detrital particle ranging
in diameter from 1l?56 to 1/16 mm.

The rate of discharge of a water wel'l per unit
of drawdoun comronly expressed in gallons per
minute per foot.

That water level of a well that is not being
affected by withdrawal of groundwater.

The general disposition, attitude, arrangement,
or relatJve positions of the rock masses of a
region or area, also referred to as "structural
geol ogy" .

Oeposits of al l uvium (c'lay, sil t, sand n gravel ,
or cobbles) which occur along the mangin and
above the level of a body of water, marking a
forrner water I evel .

TERRACE DEPOSiTS:
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TERRIGENOUS I

TOPOGRAPHY:

TRAT.ISGRESSIVE:

TRANSPIRATIOII:

TRANSMISSIVITY:

UNCONFIr,lED AQUIFER:

UNCONSOLIDATED:

VAN DER }IAALS'
FORCES:

}IATER I{ELL:

I{ATER TABLE:

Land derived,

The relief and form of a 'land surface.

Deposits laid down during the advance or exten-
sion bf the sea over land areas.

The process by which water absorbed by plants,
usually through the fi,ots, is evaporated into
the atmosphere frsm the plant surface.

In an aquifer, the rate at which water of the
prevailing kinennatic viscosity is transmitted
through a unit width under a unit hydraul ic
gradient

trlater not under artesian pressure. Generally
applied to denote water below tha water table.

A sediment that is loosely arranged or unstra-
tifiedn or whose partic'les are not cemented
together.

!{eak attractive forces between ei ectrical'ly
neutral atsms and molecules.

A man*made excavation that allows the extrac-
tJon of water from the zone of saturation or
that yields useful supplies of water. The
well'may be dr{lled, dug, excavated, or jetted.

The surface between the zone of saturation and
the zone of aeration; that surface of a body
of unconfined groundwater at which the pres-
sure is equal to that of the atmosphere.
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